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Biological  and  ecological  investigations  were  conducted  to  determine  the 
importance  of  predaceous  spiders  in  the  overall  management  of  the  citrus  leafininer 
(CLM),  Phyllocnistis  cilrella  Stainton,  in  lime  orchards  at  Homestead,  Florida.  A survey 
of  predaceous  arthropods  showed  that  spiders  significantly  outnumbered  green  lacewings 
( Chrysoperla  rufilabris),  coccinellids  ( Harmonia  sp.),  and  ants  ( Myrmelachisla  sp.). 
Analysis  of  the  spider  species  composition  revealed  a rich  spider  community  in  lime 
orchards.  A total  of  nine  families,  24  genera,  and  16  identifiable  species  of  spiders  were 
recorded.  The  species  were  grouped  into  three  guilds:  web-builders,  hunters,  and 
ambushers.  Theridion  sp.  was  the  most  abundant  of  the  web-builders  and  Chiractmihium 
inclusum,  Hibana  ve/ox,  and  Tracheias  volutus  were  the  most  frequent  hunters.  The 
population  of  ambushers  (i.e.  Misumenops  sp.)  was  low  in  all  orchards  included  in  the 

Feeding  tests  conducted  under  laboratory  conditions  demonstrated  that  four 
species  of  spiders  (i.e.  sac  spiders,  C inclusum,  H.  veto,  T.  volutus  and  the  jumping 


spider,  Hentzia  patmarum)  use  CLM  as  prey.  Gut  < 


: analysis  confirmed  the  feeding 


predator  of  CLM  larvae  than  C.  inclusum  and  T.  volutus.  Studies  performed  under  field 
conditions,  demonstrated  H.  velox  consumption  rate  of  CLM  larvae  increases 
proportionally  as  the  densities  of  prey  increase. 

Results  from  a study  of  predatory  behaviors  confirmed  that  the  three  species  of  sac 
spiders  are  nocturnal  hunters,  and  detect  their  prey  through  vibration  of  the  leaf  substrate. 
This  vibration  is  the  product  of  CLM  larval  and  prepupal  movement. 

The  life  cycles  of  C.  inclusum,  H.  velox,  and  T.  volutus  were  determined. 
Chiracanthium  inclusum  and  T.  volutus  fed  on  CLM  from  their  first  molt  through  adult 
stage  whereas  H.  velox  consumed  CLM  from  the  1st  to  the  7th  molt  and  not  during  the 
adult  stage.  Survival  of  C inclusum,  H.  velox,  and  T.  volutus  was  compared  between 

During  a survey  of  sprayed  and  nonspraycd  lime  orchards,  spiders  were  more 
abundant  in  the  nonspraycd  orchards  than  in  those  with  heavy  application  of  pesticides. 
Laboratory  bioassay  tests  confirmed  that  broad  spectrum  pesticides  have  a significant 
lethal  effect  on  spiders,  while  biopcsticides  such  as  Bacillus  thuringiensis,  botanical 
pesticides  fi  e.  neem  extract)  and  petroleum  oil  were  less  toxic  to  spiders.  The  abundance 
and  predation  potential  of  these  spiders  indicate  that  they  should  be  protected  from  the 
harmful  effects  of  pesticides.  A taxonomic  key  for  the  predaceous  spiders  discovered 


CHAPTER  1 
INTRODUCTION 

Limes  are  acid  citrus  Suits,  and  consist  of  two  distinct  species,  Citrus  ourcmtifolia 
(Christm.)  Swingle  and  Citrus  lati/olia  Tanaka.  They  are  commonly  known  as  Persian 
lime  and  Key  lime,  respectively.  Key  lime  originated  from  Asia  whereas  Persian  lime  is  of 
unknown  origin  (Malo  & Campbell  1991).  Limes  traveled  with  the  world's  explorers  to 
the  different  continents  of  the  world  (Roy  et  al.  1996).  They  were  introduced  to  the  New 
World  by  the  Spanish  and  Portuguese  explorers  during  the  early  16th  century  (Roy  et  al. 

widely  distributed  in  the  lowland  tropics  and  warm  subtropical  areas  of  the  world. 

Persian  lime  first  arrived  in  the  USA  in  California  between  1850  and  1880  from 

in  California  (Hume  1957).  Orchards  of  Tahiti  limes  were  first  planted  in  central  Florida 
around  1887.  However,  due  to  the  occasional  freezes  in  central  Florida,  plantings  of 
Tahiti  lime  moved  to  the  southern  tip  of  the  state.  Today,  the  major  lime-producing 
region  in  the  continental  USA  is  in  Dade  County,  Florida.  Among  the  15  tropical  fruits 

and  avocados  (Campbell  1979,  Roy  et  al.  1996).  The  production  area  before  the 
devastating  Hurricane  Andrew  in  1992  was  6,700  acres  (2,713  ha)  which  comprised  more 
than  90%  of  Tahiti  lime  production  in  the  USA.  However,  Hurricane  Andrew  reduced  the 
Tahiti  lime  acreage  in  south  Florida  to  only  2,235  acres  (905  hectares).  Nevertheless,  the 
lime  acreage  is  now  increasing  and  the  most  optimistic  estimate  predicts  that  south 
Florida’s  Tahiti  lime  acreage  will  increase  gradually  to  4,000  acres  (1,619  hectares)  (Roy 
et  al.  1996).  In  addition  to  the  USA,  the  following  countries  have  commercial  Tahiti  lime 


orchards:  Australia,  Belize,  Brazil,  the  Bahamas,  Cuba,  Dominican  Republic,  El  Salvador, 
Guatemala,  Honduras,  Israel,  Mexico,  Nicaragua,  Surinam,  and  Venezuela  The  major 
Tahiti  lime  producers  and  exporters,  in  order  of  importance,  are  Mexico,  Brazil,  Israel, 
and  Australia, 

Tahiti  lime  is  the  most  consumed  lime  species,  particularly  in  the  USA,  Japa 
Europe  (Roy  et  al  1996).  Limes  are  important  as  fresh  and  processed  fruits.  Fresh 
frozen  and  canned  juices  are  used  as  beverages,  for  marinating  fish  and  meats,  and  a: 
seasoning.  Several  essential  products  can  be  obtained  from  lime,  i.e.:  citric  acid,  citrate  of 

Although  the  unique  climate  of  south  Florida  is  ideal  for  the  production  of  Tahiti 
limes,  diseases  and  arthropod  pests  also  thrive  in  the  warm,  humid  climate,  providing  a 
challenge  to  the  lime  industry.  The  complex  of  arthropod  pests  affecting  citrus  in  Florida  is 

rust  mite,  Pbyllocoptruta  oteivora  (Ashmead);  pink  citrus  rust  mite,  Aculops  petekassi 
(Keifer);  citrus  red  mite,  Panonychus  cilri  (McGregor);  Texas  citrus  mite,  Eotetranyche 
banksi  (McGregor);  flat  mites,  Brevipalpus  spp.,  and  broad  mite,  Polyphagolarsonemus 
talus  (Banks).  Several  species  of  homopteran  pests  occur  in  Florida  citrus  orchards.  The 
most  important  is  the  brown  citrus  aphids,  Toxoplera  cilriciita  (Kirkaldy).  Five  species  of 
root  weevils  are  recorded  in  citrus  orchards  in  Florida:  sugarcane  rootstalk  borer  weevil, 
Diaprepes  abbreviate  (L.);  little  leaf  notcher,  A r Upas  Jloridane  (Ham);  citrus  root 
weevil,  Pachneus  lilus  (Germar);  northern  citrus  root  weevil,  Pachneus  opalus  (Olivier), 
and  Fuller’s  rose  beetle,  Asynonychus  godmani  (Crotch).  Diaprepes  abbreviate  is  the 
most  important  among  these  five  species  of  root  weevil.  Recent  invaders  of  Florida  citrus 
are  brown  citrus  aphids,  Tmoplera  citricida  (Kirkaldy),  and  citrus  leafminer,  Phyllocnistis 

highly  efficient  in  transmitting  tristeza  virus,  causing  decline  in  susceptible  citrus  cultivars. 
Citrus  leafminer  feeding  results  in  citrus  plants  with  distorted  and  reduced  young  shoots. 


1 f ! 


use  decrease  in  yields  and  quality  (Knapp  i 


1995,  Heppner  1995,  Burgeous  & Constantin  1995). 

Baseline  Information  about  the  Test  Organisms 


The  citrus  leafininer  (CLM),  Phyllocnistis  cilrella  Stainton  is  one  of  the  major 
pests  of  Citrus  species.  Other  related  species  of  Citrus  as  well  as  native  Rutaceae  are 
potentially  at  risk.  The  species  was  first  described  in  Calcutta,  India  (Stainton  1856),  and  it 
is  considered  native  to  south  and  Southeast  Asia  (Schauff  & LaSalle  1996).  This  Asian 
species  is  currently  widely  distributed  and  found  in  many  countries  in  the  world  where 
citras  is  grown  (Heppner  1993,  Knapp  cl  al.  199S).  Heppner  (1993)  provided 
distributional  information  for  CLM,  which  included  6 countries  in  Africa,  24  countries  in 
Asia,  and  6 countries  in  the  Pacific  Region.  The  distributional  information  was  updated  by 
Knapp  ct  al.  (1995).  The  first  report  of  its  occurrence  in  the  New  World  was  in  mid  1993 
at  Homestead,  Florida  (Heppner  1993,  Knapp  et  al.  1995).  In  less  than  a year,  it  spread 
into  all  major  citrus  growing  areas  of  the  state,  southern  USA,  the  Caribbean  Region,  and 
the  Americas  (Heppner  1993,  Knapp  et  al.  1995,  Schauff,  & La  Salle  1996).  In  1993, 
citrus  leafininer  infestation  in  south  Florida  was  reported  on  about  200  acres  of  Persian 
limes  (Heppner  1993). 

Bjpipgypf  thaainn.lHWncf 

The  basic  biology  of  the  citrus  leafininer,  Phyllocnistis  cilrella  Stainton,  had  been 
studied  by  several  workers  in  different  countries,  i.e.  Sudan  (Ba-Angood  1977),  Yemen 
(Ba-Angood  1978),  Egypt  (Badawy  1969),  Philippines  (Barroga  1968),  India 
(Bhumannavar  & Singh  1983,  Fletcher  1914  & 1920,  Pandey  and  Pandey  1964,  Sohi  & 
Verma  1966,  Sontakay  & Gupta  1945),  China  (Huang  & Huang  1989,  Liu  & Zcng  1981), 


Taiwan  (Lo  & Chiu  1988)  and  Japan  (Anon.  1959,  Clausen  1931,  Hamamura  1980, 
Ikemoto  1972,  Kurisaka  1928,  Yamamoto  1968, 1969,  & 1971), 

The  biology  of  CLM  is  typical  of  other  species  of  leafmining  moths  (Auerbach  & 
Simberloff  1989,  Clausen  1927).  Knapp  et  al.  (1993)  summarized  the  biology  of  CLM 
based  on  published  literature  as  follows:  Small  eggs  (Figure  1-1)  are  laid  singly,  usually  on 
the  underside  of  the  young  leaves  of  the  host  plants.  They  are  transparent  when  newly  laid 
and  turn  opaque  when  they  arc  ready  to  hatch.  Edosion  occurs  within  2-10  days.  The 
hatching  larva  (Figure  1-1)  produces  serpentine  mines  beneath  the  leaf  epidermis  where 
they  are  protected  during  their  feeding  cycle.  Larvae  undergo  four  instars  (including  the 
specialized  prepupal  stage).  Larval  development  lasts  from  5 to  20  days.  The  pupa  (Figure 
1-1)  is  contained  in  a cell  produced  on  the  leaf  edge  by  the  prepupa.  Pupal  development 
requires  6-22  days,  after  which,  the  adult  (Figure  1-1)  emerges  to  continue  the  cycle.  The 
total  developmental  cycle  is  about  13-S2  days,  depending  on  temperature  conditions. 
Adults  live  for  only  a few  days  to  one  week,  on  average.  Adults  emerge  about  dawn  and 
arc  active  early  in  the  morning.  Females  lay  eggs  in  the  evenings.  They  deposit  36-76  eggs 
over  their  life  span,  with  an  average  of  48  eggs  per  female. 

Adult  CLM  usually  prefers  to  oviposit  on  the  expanding  leaves  of  growing  shoots. 
Immediately  upon  hatching,  CLM  larvae  bore  through  the  leaf  epidermis  and  begin 
drinking  cell  sap  by  lancing  leaf  cells  with  their  sharp  mandibles,  thereby  destroying  the 
epidermis  of  the  leaves.  A silver  mining  trail  known  as  a serpentine  mine  is  the  most 
obvious  symptom  of  CLM  infestation.  Serpentine  mines  arc  usually  on  the  abaxial  surface 
of  the  leaves  but  can  also  be  found  on  the  adaxial  surface  (Pandey  & Pandey  1964).  The 
pupation  chamber  is  usually  near  the  leaf  margin,  the  edge  of  which  is  rolled  over.  During 
severe  infestations  (Figure  1-2),  the  leaves  become  curled  and  distorted,  which  may  harbor 
mealybugs  (Heppner  1993).  The  damaged  area  turns  into  a chlorotic  patch,  which  may 
become  necrotic.  Damage  from  CLM  hinders  the  photosynthetic  activity  of  the  plant  by 
reducing  the  leaf  surface  area  responsible  for  capturing  energy  for  plant  growth.  Schaffer 


et  al.  (1997)  reported  that  the  percentage  of  leaf  area  damaged  by  CLM  and  the 
subsequent  reductions  in  net  photosynthesis  arc  related  to  the  duration  of  mining  and  the 
number  of  larvae  per  leaf.  Succulent  branches  of  green  shoots  and  fruits  may  be  attacked 
by  leafmincrs  during  high  population  pressure.  Young  trees  suffer  the  most  and  heavy 
infestations  on  nursery  trees  and  newly  planted  trees  in  an  orchard  cause  reduced  growth 
(Knapp  ctal.  199S). 

Control  measures 

Pesticides  provide  a rapid  means  of  suppressing  CLM  populations,  especially 
during  heavy  infestations.  Control  of  CLM  in  the  USA  is  accomplished  through  biological 
control;  however,  in  other  countries  CLM  control  is  accomplished  by  spray  regimes  of 
various  pesticides  (Ahmad  1988,  Atwal  & Vcrma  1970,  Awate  et  al.  1976,  Ayoub  1960, 
Badawy  1968,  Batra  & Sandhu  1980,  1981a,  1981  b,  Bindra  19S7,  Bohlen  1973,  Butani 
1979,  Ela  1955,  Hanifa  & Palaniswamy  1977,  Heppner  1993,  Ito  et  al.  1962,  Kohno  & 
Makino  1969,  Mo  et  al.  1981,  Nagalingam  & Savithri  1983,  Oei-Dharma  1969,  PeAa  & 
Duncan  1993,  Radkc  & Kandalkar  1988,  Radke  & Thakare  1989,  Raju  et  al.  1977,  Reddy 
et  al.  1989,  Shewale  et  al.  1983,  1987,  Valand  et  al.  1992,  Vekateswarlu  & Ramapandu 
1992,  Verma  & Sohi  1967,  Vivekanandan  & Naganathan  1983,  Wu  & Tao  1977, 
Yamamoto  1972), 

CLM  resistance  to  several  pesticides  has  been  reported  due  to  repeated 
applications  within  a season  (Tan  & Huang  1996).  In  China,  for  instance,  many  of  the 
original  pesticides  (mostly  pyrethroids  and  organophosphates)  are  no  longer  used  (Tan  & 
Huang  1996,  Huang  & Li  1989,  Liu  1990).  A similar  scenario  occurred  in  Japan 
(Gyoutoku  et  al.  1996).  In  Florida,  evaluation  of  several  pesticides  against  CLM  revealed 
that  effective  chemical  control  is  difficult  to  attain  (Knapp  et  al.  1995).  Thus,  of 
approximately  20  pesticides  tested,  only  five  were  recommended  for  CLM  control  in 
Florida  (Knapp  1996).  There  is  an  urgent  need  to  develop  alternative  non-chemical  control 


(Parker  1980,  Peiia  & Duncan  1993).  There  arc  some  contradictory  reports  regarding  the 
effect  of  pesticides  on  CLM.  For  instance,  in  citrus,  Ren  and  Wu  (1989)  reported  that 
pyrethrins  and  dimephenol  were  less  harmful  to  chaldd  and  eulopid  wasps  and  other 
natural  enemies  of  CLM,  On  the  contrary,  Huang  and  U (1989)  showed  that  pyrethrin 
kills  the  natural  enemies  and  inevitably  leads  to  secondary  pest  outbreaks.  The  harmful 
effects  of  pesticides  on  natural  enemies  have  been  verified  through  the  survey  of  natural 
enemies  in  sprayed  and  nonsprayed  orchards.  Native  parasitoids  of  CLM  have  been  found 
also  in  Florida  citrus  orchards  where  no  or  few  chemical  sprays  were  used  (Browning  & 
PeBa  1995,  Browning  et  al.  1996,  Chiu  ct  al.  1985,  Hcppner  1993,  Peiia  & Duncan  1993). 

1994).  It  is  desirable  to  have  products  that  can  help  to  maintain  CLM  population  at  low 
densities  without  causing  an  imbalance  in  the  biological  control-oriented  IPM  program  in 
Florida  citrus  production  system.  Pesticides  known  to  be  selective  for  some  biological 
control  agents  have  been  recommended  in  some  areas,  in  Australia,  petroleum  spray  oil  is 
recommended  as  a larvicide  for  CLM  control.  It  was  found  to  have  low  to  moderate 
toxicity  on  predatory  mites  (Smith  et  al.  1997).  In  Florida,  some  pesticides  i.c.  Agrimek, 
Align,  Eclipse,  Micromite,  Neemix,  and  petroleum  oil  are  recommended  for  CLM  control 
(Knapp  1996);  however,  very  few  studies  have  been  documented  on  selectivity  of 
pesticides  on  the  natural  enemies  of  CLM.  One  example  was  the  study  conducted  by 
Villanueva-Jimenez  (1998)  on  the  effect  of  some  pesticides  used  by  the  citrus  growers  in 
Florida  on  Agentaspls  cilricola  (Logvinovskaya),  an  introduced  parasitoid  of  CLM.  In 
Chapter  6 of  this  dissertation,  the  effect  on  the  predatory  spiders  of  some  of  the  pesticides 
used  in  lime  orchards  will  be  presented. 


CLM  have  been  sought  by  the  researchers  in 


I manage  the  population  of  CLM 


biological  control.  Cultural  control  has  been  practiced  to 
in  China  (Zhang  et  al.  1994),  and  includes  bud  removal  and  pruning  of  early  shoots  during 
warm  weather  to  escape  a heavy  infestation  of  CLM.  Trees  are  allowed  to  flush  only 
during  late  autumn  when  the  CLM  population  is  lowest.  These  cultural  practices  are  not 
feasible  in  Florida  due  to  high  labor  cost  and  impracticality. 

Resistance  of  Cilrus  species  to  CLM  is  not  yet  well  studied.  In  India,  34  species  of 
chrus  were  tested  for  resistance  against  the  CLM  (Sandhu  & Batra  1978a,  Singh  & Rao 
1980,  Singh  et  al.  1989,  Verma  1989).  The  most  resistant  species  was  mandarin.  Cirrus 
reshni,  and  the  most  susceptible  was  the  lime  species,  C.  laltfolia.  Other  experiments  in 
Sudan  and  in  Australia  (Badawy  1968,  Wilson  1991,  Zhang  et  al.  1994)  conflrm  the  same 
general  pattern  of  resistance,  with  mandarin,  C reshni,  as  the  most  resistant  variety 
followed  by  orange,  C.  sinensis,  and  lime,  C.  lalifolia.  In  Spain,  9 citrus-related  species 
and  349  citrus  rootstocks  were  screened  for  resistance  to  CLM  (Jacas  et  al.  1997). 

a breeding  program  for  P.  cilrella.  Nevertheless,  Jacas  et  al.  (1997)  found  two  dtroids, 
Murraya  leacniges,  and  Glycasmus  pentaphylla,  exhibiting  antibiosis  to  the  first  instar 
CLM  larvae.  This  suggests  a source  of  resistance  genes  for  further  breeding. 

Behavioral  control  using  sex-pheromones  has  been  investigated  for  CLM.  The  sex 
pheromone  compounds  used  as  sex  attractants  for  CLM  were  identified  as  (Z-Z)-7,  11- 
Hexadecadicnyl  acetate  and  (Z,E)-  7,  11-Hexadecadien-l-ol  (Ando  et  al.  1985).  These 
compounds  were  discovered  originally  from  Pectinophora  gossypieita 
(LepidopteraiGelechiidac)  (Bierl  et  al.  1974).  Consequently,  the  use  of  the  non-specific 
sex-pheromone  for  trapping  CLM  had  inconsistent  results.  In  Japan,  pheromone  traps 
have  been  used  successfully  to  trap  CLM  (Ando  et  al.  1985,  Ujiyel990)  and  without 
success  in  other  countries  (Caleca  & Lo  Verde  1996,  Malausa  et  al.  1996),  i.e.  China 
(Tongyuan  et  al.  1989),  Italy  (Oitu  1996),  and  in  Spain,  Florida,  and  Turkey  (Jacas  & 
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Peria  1999,  in  press).  Jacas  and  PeBa  (1999,  in  press)  hypothesized  that  the  inconsistency 
in  the  effectiveness  of  the  CLM  sex-pheromone  was  caused  by  the  lack  of  specificity  of 
the  sex-pheromone  found  in  Japan.  Geographical  variation  in  pheromone  composition  has 
been  reported  for  other  Lepidoptera  (Klun  1975,  Lofstedt  et  at.  1986,  Pefia  ct  al.  1988), 
which  could  also  be  the  case  for  CLM. 

Biological  control  appears  to  be  the  most  promising  control  measure  against  CLM. 
Various  species  of  natural  enemies  (pathogens,  parasitoids,  and  predators)  have  been 
evaluated  against  CLM  (Heppner  1993,  Zhang  et  al.  1994,  Argov  & Rossler  1996).  The 
efficacy  test  of  the  entomogenous  nematode,  Sleinemcma  carpocapsae  (Weiser)  for 
controlling  CLM  has  been  carried  out  in  Thailand  and  Australia.  Laboratory  tests  revealed 
that  CLM  mortality  ranged  from  22.72-80%,  Nevertheless,  Morakote  and  Nanta  (1996). 
reported  that  the  use  of  S.  carpocapsae  against  CLM  is  not  commercially  acceptable  at  the 

identified.  For  instance,  in  Southeast  Asia  alone,  58  species  have  been  recognized  as  CLM 
parasitoids  (Heppner  1993,  Ujiye  et  al.  1996).  In  Florida,  at  least  six  species  of  native 
parasitoids  have  been  found  since  the  arrival  of  CLM  (Browning  & Pefia  1994,  Browning 
et  al.  1996).  Moreover,  two  species  of  parasitic  wasps,  Ageniaspis  citricola  and 
CirrospUus  quadrislialus,  have  been  introduced  into  Florida  from  Australia  to  control 
CLM.  These  parasitoids  are  an  important  addition  to  the  already  existing  complex  of 
parasitoids  and  predators  attacking  CLM  in  Florida  (Hoy  & Nguyen  1994), 

Predaceous  arthropods  are  believed  to  make  an  important  contribution  to  the 
mortality  of  CLM.  In  China,  two  species  of  laccwings,  Ankylopleryx  oclopunclala 
(Frazer)  and  Chrysopa  boninensis  (Okamato),  and  an  unidentified  ant  have  been  found 
attacking  CLM  (Zhao  1989,  Zhang  et  al.  1994).  Laccwings  are  very  important  biological 
control  agents  not  only  for  CLM  but  also  for  other  pests  of  grain,  cotton,  vegetables,  fruit 
and  other  crops  (Zhang  et  al.  1994).  In  Thailand,  the  predators  of  CLM  are  also  two 
species  of  green  laccwings,  Ankylopleryx  oclopunclala  (Frazer)  and  Chrysopa  basalis 
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(Navas),  and  an  unidentified  ant.  Likewise  in  Israel,  various  predators  i.e.  spiders  were 
observed  in  the  field  to  prey  upon  CLM  (Argov  & Rossler  1996).  In  south  Florida,  several 
predators  such  as  lacewings,  Chrysoperla  rufilabris  (Burmeistcr),  flower  bug,  Onus 
insitBasus  (Say),  an  unidentified  ant,  and  various  species  of  spiders  were  considered 
important  in  reducing  peak  population  of  CLM  (Browning  & Pena  1995,  Amalin  et  al. 
1995,  Pcila  & Subramanian,  unpublished  data).  However,  to  date,  no  systematic  study  has 
been  made  to  identify  these  natural  enemies  of  CLM  in  Florida  or  assess  their  effects  on 
the  pest's  population.  In  this  dissertation.  Appendix  A provides  the  identification  key  to 
the  predatory  spiders  in  lime  orchards  and  chapters  3 and  4 address  the  question  on 
assessment  of  predatory  spiders  for  biological  control  of  CLM  as  well  as  the  predatory 
strategy  of  the  spiders  on  CLM. 

Spiders  belong  to  the  Order  Araneac  and  Class  Arachnids  They  are  one  of  the 
ubiquitous  groups  of  predaceous  organisms  in  the  animal  kingdom.  Current  records  show 
that  £ 30,000  species  (Riechert  & Lockley  1984)  are  widely  distributed,  occupying  all 
terrestrial  habitats  (Turnbull  1973).  Surveys  conducted  by  several  researchers  have  shown 
that  spiders  are  a large  and  frequent  part  of  the  generalist  predatory  arthropod  fauna 
(Kagan  1943,  Whitcomb  ct  al.  1963a,  1963b,  Aguilar  1968,  Leigh  & Hunter  1969,  Howell 
& Picnkowski  1971,  Wheeler  1973,  Yeargan  & Dondale  1974,  Dondale  et  al.  1979, 
Barrion  1982,  Dean  et  al.  1982,  Mansour  et  al.  1982,  Culin  & Yeargan  1983,  Barrion  & 
Litsinger  1994,  Plagcns  1985,  Amalin  & Barrion  1992). 

Spiders  have  an  important  influence  in  the  dynamics  of  the  arthropod  pest’s 
population  in  natural  and  agricultural  landscapes.  For  instance,  in  the  natural  landscape. 
Van  Hook  (1971)  found  that  the  wolf  spider,  Lycosa  sp.  (Lycosidae)  consumed  21%  of 
the  total  arthropods  in  a grassland  ecosystem.  In  another  study.  Moulder  and  Reichle 
(1972)  concluded  that  spiders  arc  the  most  important  predators  in  a Liriodendron  tulijera 
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community.  Some  studies  on  the  ability  of  spiders  to  limit  growth  of  associated  insect 
populations  have  been  documented.  An  experiment  on  a forest  floor  system  by  Clarke  and 
Grant  (1968)  indicates  that  spiders  managed  the  populations  of  Cotlembola  and  other 
insects.  Several  studies  on  the  spider  fauna  in  agricultural  landscapes  have  been  published. 
Tables  1-1  to  1-5  list  the  different  studies  on  the  spider  fauna  in  different  agroecosystems. 

Table  1-1.  Literature  on  spider  fauna  in  orchards. 


orchards  Chant  (1956) 

Dondale  (1956,  1958) 

Dondale  dal.  (1979) 

Dondale  (1966) 

Hukusima  (1961) 

Hukusima  & Kondo  (1962) 
Kracmcr  (1961) 

Legner  & Oatman  (1964) 

Mansour  et  al.  ( 1 980a.  b.  c) 
Mansourctol.  (1981) 
McCaffrey  * Horsburgh  (1978, 


Argov  & Rossler  (1996) 
Barrion  & Taylo  (1989) 

Kaihotsu  (1979) 

Mansour  dal.  (1982) 

Nohara  * Yasumatsu  (1965) 
Sadana*  Kara  (1974) 
Shulov  (1938) 

Harrison  (1968) 


Ofcuma  (1973) 

Puhringcr  (1982) 

Putman  (1967) 

Putman  & Heme  (1966) 
Spccht  ft  Dondale  (1960) 


J.  (1930) 
Edwards  (1984) 


Kim  (1978) 

Sadana  & Sandhu  (1977) 

Taksdal  (1973) 

Almquist  (1981) 
Dippcnaar-Schocman  (1976, 


1 1-2.  Literature  t 


pider  fauna  in  meadows  and  pastures. 


Bern  4 Nyifctcr  (1980) 


ox  4 Dondalc  (1972) 


Kajak  (I960.  1962,  1971,  1978, 
Kajak  4 Jakubczyk  (197S) 

Maurer  (1974,  1975) 

Nyifclcr  * Benz  (1979b,  19*1) 

Dialer  etal.  (1977,1978) 
Vilbaste(196S) 

Wolcott  (1937) 


Delchev*  Kajak  (1974) 
Dufley  (1962) 

Howard  4 Oliver  (1978) 


Peck  4 Whitcomb  (1978) 
Po!encc(1968) 


Wolcott  (1937) 


Table  1-3.  Literature  on  spider  fauna  on  vegetables. 


Beyer  (1981)  potato 

Czajka  4 Goos  (1976) 

Goos (1973) 

Nyfleler(19B6) 


cabbage  Kayashima  (1960) 

Suzuki  4 Okuma  (1975) 


leys  Huhta  4 Raatikaincn  (1974) 

tape  Beyer  (1981) 

Nyffclcr  4 Benz.  (1979a) 
kohlrabi  Beyer(1981) 


Czajka  4 Kania  (1976) 


Gaiecka  (1966) 

Nyffclcr  (1986) 

Luczak  (1974,  1975,  1976,  1979) 


in  4 Vazqucs  (1993) 


Blickcnstatr  4 Huggans  (1962) 
Culin  4 Rua  (1980) 

Lcsar  4 Unzicker  (1978a,  b) 
Tumipsecd  (1975) 

Whitcomb  (1980) 


Beyer (1981) 


Dingier  (1935) 


Rogers  4 Homer  (1977) 


i spider  fauna  of  cereals  and  forage. 


Table  1-4.  Literature  on 


Ashikbaycv  (1973) 

Basedow  (1 973) 

Beyer  (1981) 
Brasse(l975) 

Dc  Clcrcq  (1979) 
Dietrich  £ Golzc  (1974) 
Fraser  (1982) 


Luczak  (1974.  1973,  1976. 

Muniappan  £ Chada  (1970a) 
NyffclerS  Benz  (1979a) 
Nyffcler  £ Benz  (1980  b) 
Nyflelcr£  Benz  (1981) 
Raatikaincn  & Hnhla  (1968) 
Vickcraian  £ Sunderland  (1973) 


Anonymous  (1979) 

Barrion  £ Lilsingcr  (I99S) 
Chu  & Okuma  (1970) 


Chu£  Wang  (1972. 1973) 

Chu  etal.  (1975. 1976a.b.c) 
Chu  cl  al.  (1977) 

Gay-ana  £ Raros  (1975) 

Hirano  £ Kiritani  (1976) 
Hokyoclal.  (1976) 
lloaal.  (1962) 

1RRI  Ann.  Report  (1973,  1974) 
1RRI  Ann.  Report  (1976, 1977) 
IRRI  Ann.  Report  (1978) 
Kalode  (1976) 

Kaliya  A Kiritani  (1976) 

Kang  £ Kiritani  (1978) 
Kaytahara  (1975) 

Kayvahara  £ Kiritani  (1975) 
Katvahara  a al..  (1969.  1971) 
Kiritani  (1977,  1979) 


Kiritani  £Kakiya  (1973) 

Kiritani  etal.  (1972) 
Kobayashi  (1975,  1977) 
Kobayashi  £ Shibata  (1973) 
Koyama  (1972,  1975.  1976 
Lucero  £ Raros  (1975) 
Miyai  ct  al.  (1978) 

Okuma  (1968) 

Okuma  (1974.  1977) 

Okuma  £ Wongsiri  (1973) 

Paik£  Kim  (1973) 
Paikctal.  (1974) 

Salinas  fi  Raros  (1 975) 

Sasaba  £ Kiritani  (1974) 

Sasaba etal.  (1973a. b) 
Suzuki  £ Kiritani  (1974) 
Tanaka  (1973,  1975) 

Tanaka  £ Hamamura  (1968) 
Toyoda  £ Yoshinlura  (1966) 
Woods  £ Hand  (1976) 
Yaginuma  (1965) 


Table  1-4.  continued 


Agroecosystem  Authors 


Balogh  A Loksa  (1956) 
Nyffcler  (1986) 

Chauvin  (I960.  1967) 

Culin  A Ycargan  (1983) 
Nyffcler  (1986) 

Howell  A Pienkowski  (1971) 
Luca*  (1975) 


Wheeler  (1973) 

Ycargan  (1975a,  b) 

Yeargan  A Cothran  (1974a.  b) 
Ycargan  & Dondalc  (1974) 


Beyer (1981) 
Bones (1958) 
Nyffcler  (1986) 


Evcrlcy  (1938) 

Sharma  A Santp  (1979) 
Singh  & Sandhu  (1976) 


sorghum  Bailey  A Chada  (1968) 


Doane  A Dondalc  (1979) 


Table  1-5.  Literature  on  spider  fauna  on  other  crops. 


Aguilar  (1 974) 

Battu  A Singh  (1975) 
Bishop  (1979,  1980,  1981) 
Bishop  A Blood  (1980) 
Burleigh  cl  al.  (1973) 
Bycrly  el  al.  (1978) 

Clark  A Glick  (1961) 
Dorris  (1970) 


Negmlt  Hensley  (1969) 
Kayashima  (1967.  1972) 


Pieters*  Sterling  (1974) 
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nts  was  already  known 
thousands  of  years  ago.  In  China,  the  use  of  spiders  for  pest  control  dates  back  2000  years 
(Sparks  et  al.  1982).  Since  then,  spiders  have  been  recorded  as  important  predators  in 
many  agricultural  crops.  A classical  example  of  a successful  biological  control  system 
using  spiders  was  reported  on  rice.  The  wolf  spider,  Lycosa  pseudoannulala  Boes.  Et, 
Sir.,  successfully  controlled  the  brown  planthopper,  Ntlaparvata  lugens  Stal,  which  is  the 
major  pest  of  rice  in  Southeast  Asia  (Ooi  & Shepard  1994,  Kenmore  et  al.  1984,  1RRI 
1975,  1985).  In  Britain,  Chant  (1956)  reported  that  theridiids  and  erigonids  suppressed 
orchard  mites.  In  Australia,  another  species  of  a small  theridiid,  Acahcaranea  veniculala, 
successfully  controlled  a tortricid  moth  (MacLellan  1973).  A study  in  an  unsprayed  peach 
orchard  in  the  Niagara  Peninsula  showed  that  Theridion  murarium  Emerton  and 
Philodromus  praelustris  Keyserling  regulated  the  density  of  phytophagous  mites  (Putman 
1967).  Similar  findings  have  been  reported  for  other  agricultural  systems  involving  various 
insect  pests  (Yamanaka  et  al.  1973,  Mansour  et  al.  1980a  &1980b).  The  diversity  of  the 
spider  population  in  almost  all  agroccosystcms  suggests  the  importance  of  spiders  as 
predators  of  insect  and  other  arthropods.  In  spite  of  the  large  number  of  existing  studies, 
the  significance  of  spiders  as  insect  predators  in  most  agroccosystems  is  still  largely 


The  main  goal  of  this  dissertation  research  is  to  demonstrate  the  importance  of 
predaceous  spiders  in  the  overall  management  of  CLM  population.  This  dissertation 
research  has  five  major  objectives:  1)  to  determine  the  predatory  arthropod  biodiversity  in 
lime  orchards,  2)  to  identify  the  species  of  spiders  preying  on  CLM,  3)  to  test  the  efficacy 
most  dominant  species  of  spiders  against  CLM  under  laboratory,  greenhouse,  and 


of  the  r 


field  conditions,  4)  to  investigate  predatory  behavior  of  hunting  spide 


I CLM,  and  S)  I 


determine  the  effect  of  pesticides  on  the  spider  community. 

Each  of  the  research  objectives  provides  answers  to  relevant  questions  on  the 
ecology  and  biology  of  important  spiders  occurring  in  lime  orchards  in  Homestead, 
Florida.  In  the  course  of  the  investigation  the  following  questions  have  been  asked: 

Which  spider  species  occurred  in  lime  orchards?  (species  composition) 

How  many  spiders  per  unit  area  occurred  in  lime  orchards?  (abundance  of  spiders) 

What  spider  species  feed  on  citrus  leafminer?  (feeding  studies) 

How  much  is  the  effect  of  spiders  on  CLM  mortality?  (predation  assessment) 

At  which  time  of  the  day  do  the  spiders  feed?  (feeding  activity  rhythm) 

Which  strategies  do  the  spiders  use  to  catch  their  prey?  (hunting  strategy) 

How  many  prey  per  time  unit  do  the  spiders  catch?  (prey  capture  rate) 

What  is  the  biology  of  the  important  spiders?  (biological  studies) 

What  is  the  effect  of  chemicals  on  spider  communities?  (chemical  effect) 

Each  of  these  questions  has  been  addressed  in  separate  chapters  in  this 

presented  in  Chapter  2.  The  results  of  feeding  studies  and  predation  assessment  in  the 
laboratory,  greenhouse,  and  field  conditions  are  contained  in  Chapter  3.  The  spider 
feeding  activity  rhythm  and  observations  on  the  spider  hunting  strategy  are  provided  in 
Chapter  4.  The  biology  of  the  sac  spiders  is  presented  in  Chapter  5.  Lastly,  the  effect  of 
pesticides  on  spider  communities  in  lime  orchards  is  provided  in  Chapter  6. 

Ecological  and  biological  knowledge  on  predatory  spiders  in  lime  orchards  will 
lead  us  to  better  understand  the  role  of  spiders  as  natural  enemies  of  CLM.  It  will  greatly 
aid  in  the  development  of  biological  and  integrated  management  of  CLM. 


CHAPTER  2 

SURVEY  OF  SPIDERS  OCCURRING  IN  LIME  ORCHARDS  IN  HOMESTEAD, 
SOUTH  MIAMI  DADE  COUNTY,  FLORIDA 


There  is  a growing  interest  in  the  potential  of  spiders  and  other  generalist 
predatory  arthropods  for  control  of  pest  species  in  different  agroecosystems  (Chivcrton 
1986,  Quaintancc  & Brues  1905,  Riechert  & Bishop  1990).  In  deciduous  orchards,  spiders 
often  constitute  a large  part  of  the  predatory  arthropod  fauna  (Dondale  et  a!.  1979). 
Different  investigations  conducted  in  apple  orchards  demonstrated  that  spiders  arc 
important  natural  enemies  of  aphids,  mites,  and  lepidopterans  (Chant  I9S6,  Dondale  1958, 
1966,  Dondale  et  al  1979,  Mansour  ct  al.  1980c,  Wyss  et  al  1995).  In  peach  orchards, 
spiders  were  also  found  to  be  an  important  factor  in  regulating  the  density  of 
phytophagous  mites  (Putman  1967).  Likewise,  spiders  have  been  observed  by 
rnvcsirgaiors  in  some  countries  as  important  predators  of  insect  pests  of  citrus  (Shulov 
1938,  Muma  1975,  Cherry  & Dowel  1979,  Fitzpatrick  et  al.  1979,  Carroll  1980,  Badawi 
1981).  The  hunting  spider,  Chiracanthium  mildei  (Clubionidac),  was  reported  to  be  the 
most  effective  natural  enemy  of  the  scale  Ceroplastes  Jloridensis  (Mansour  & Whitcomb 
1986).  Cherry  & Dowel  (1979)  indicated  that  spiders  and  the  coccinellid  Delphales 
pusillus  Lee.  were  the  most  abundant  predators  and  reduced  the  population  of  citrus 
blackily  in  Florida  citrus  agroecosystem.  In  Saudi  Arabia,  Badawi  (1981)  observed  that 
two  unidentified  species  of  spiders  were  abundant  on  citrus  orchards  and  actively  preyed 
upon  eggs  and  young  larvae  of  the  citrus  butterfly,  Pcpilio  demoleus  Linnaeus.  Carroll 
(1980)  stated  that  sac  spider,  Trachelas  pacificus  Chamberlin  and  Ivic  (Clubionidae),  is 
probably  the  most  promising  natural  enemy  of  citrus  pest  arthropods  in  California.  It  is 


; them  and  eventually 


therefore  of  paramount  importance  to  know  the  occurrence  and  i 
generalist  predators  in  the  ecosystem  in  order  to  protect  and  conserve 
maximize  their  potential  as  biological  control  agents. 

One  way  to  contribute  to  the  conservation  of  the  naturally  occurring  biological 
control  agents  is  by  protecting  them  from  the  harmful  effects  of  broad-spectrum 
pesticides.  The  effects  of  pesticides  on  spider  populations  have  been  shown  in  some 
studies  (Riechert  & Lockley  1984,  Mansour  1987a,  b,  Wisniewska  et  al.  1993).  For 

spectrum  insecticides  in  Canada  (Dondalc  et  al.  1979,  Dondale  1958),  in  England  (Chant 
1956)  and  New  Jersey,  USA  (Spccht  & Dondale  1960).  In  Canada,  it  was  reported  that 
the  population  of  the  phytophagous  mite  predators,  Therldion  sp.  Emerton  and 
Philodromus  prael/ustris  Keyserling  was  higher  in  unsprayed  peach  orchards  (Putman 
1967).  A decline  of  spider  population  in  sprayed  cotton  fields  was  also  reported  in  Israel 
(Mansour  1987b).  Understanding  changes  in  the  community  that  has  resulted  from  the  use 
of  pesticides  is  important  to  obtain  the  maximum  control  effect  from  spiders  and  other 
predators  on  pest  populations.  In  lime,  no  studies  have  been  conducted  to  look  at  the 
effect  of  this  factor  on  the  population  of  predatory  spiders. 

In  this  chapter,  the  diversity,  abundance  and  species  composition  of  predatory 
spiders  in  different  lime  growing  areas  in  Homestead,  Florida,  has  been  presented. 
Efficiency  of  different  sampling  techniques  for  sampling  predatory  arthropods  has  been 
evaluated.  The  abundance  of  spiders  and  species  composition  in  sprayed  and  unsprayed 
lime  orchards  has  also  been  investigated.  This  investigation  has  assessed  the  relative 
impact  of  pesticides  on  spider  population. 


Preliminary  Surrey  of  Predatory  Arthropods 


All  sampling  was  conducted  from  June  15,  1995,  through  August  15,  1995,  in 
three  commercial  2.0  - 4.0  ha  lime  orchards  in  Homestead,  Florida.  In  all  the  orchards,  the 
trees  were  planted  6.0  m between  rows  and  4.5  m between  trees. 

For  each  orchard,  15  randomly  selected  trees  were  surveyed  every  week  for  8 
weeks.  Sampling  of  spiders  was  done  by  visually  searching  plant  parts  i.e.  leaves,  main 
stem,  and  branches,  from  0.30m  to  1.7m  above  ground.  The  searching  time  for  each  tree 
range  from  5 to  10  minutes  depending  on  the  circumference  of  the  tree.  Samplings  were 
done  in  the  morning.  All  the  spiders  were  collected  in  20-ml  laboratory  glass  vials 
containing  70%  ethyl  alcohol.  The  collections  were  transported  to  the  laboratory  for 
sorting,  counting,  and  identification.  Spider  identification  was  done  using  published  keys 
by  Kaston  (1978)  and  Roth  (1993).  Verification  of  spider  identification  was  provided  by 
G.B.  Edwards,  spider  taxonomist  at  Division  of  Plant  Industry,  Gainesville,  Florida. 

Differences  in  spider  densities  by  species  in  each  spider  guild  (web-builders,  and 
wanderers  (i.e  hunters,  and  ambushers])  among  the  three  orchards  were  subjected  to  a 
one-way  analysis  of  variance  (ANOVA).  The  means  were  compared  by  Duncan's  Multiple 
Range  Test  (DMRT)  (SAS,  1989).  The  spider  guild  identification  was  based  on  predation 
behavior.  The  mean  weekly  count  of  wandering  spiders  was  also  compared  to  that  of  the 
web-building  spiders  using  the  Least  Significant  Difference  (LSD).  Other  insect  predators, 
i.e.  green  lacewings,  coccinellids,  and  ants,  were  also  collected  and  counted.  The  weekly 
count  mean  for  these  groups  was  compared  to  that  of  the  spiders  using  DMRT. 


Comparison  of  ThrcePiffeteni S 


This  sludy  was  done  in  three  2.5-ha  lime  orchards  in  Homestead,  Florida. 
Sampling  was  conducted  from  May  25,  1996  to  August  20,  1996.  Three  sampling 
methods  were  used  to  determine  the  density  of  predacious  arthropods.  Ten  different  trees 
were  sampled  for  each  method  and  orchard.  The  first  method  included  the  arthropod 
numbers  visually  observed  on  leaf  flushes  of  10  randomly  selected  branches  (30.76  cm  in 
length)  at  the  exterior  canopy.  Sampling  was  done  between  9:00  to  11:00  AM.  Leaves 
webbed  together  were  carefully  inspected  or  unfolded  to  determine  the  presence  of  spiders 
in  the  retreat  nest.  The  second  sampling  method  consisted  of  using  a lm  x lm  shake-doth 
placed  under  five  branches  clamped  together  and  beaten  10  times  with  a wooden 
yardstick.  Groups  of  five  clamps  were  randomly  selected  from  the  tree  canopy.  The  third 
sampling  method  consisted  of  using  a suction  DVAC  sampler  (Modified  CDC  Backpack 
Aspirator-Model  1412).  The  collecting  device  was  held  at  about  I meter  above  ground 

moved  clockwise  around  the  tree. 

For  all  tested  sampling  methods,  the  predators  were  collected  in  20-ml  glass  vials 
with  70%  ethyl  alcohol  and  brought  back  to  the  laboratory  for  sorting,  counting  and 
identification.  Spiders  were  grouped  into  two  guilds  based  on  predation  behavior:  web- 
building and  hunting  groups. 

Means  and  variances  were  calculated  for  each  sampling  method  for  the  two  spider 
guilds.  Means  were  compared  using  DMRT.  Mean  densities  of  the  most  common  spiders 
were  also  calculated  and  compared  using  DMRT. 


I in  Sprayed  and  Nonsprayed.  Orchards 


Spiders  were  sampled  in  six  2.5  to  4.5  ha  lime  orchards  in  Homestead,  Florida.  In 
all  the  orchards,  the  trees  were  4.5  m.  tali  and  had  canopies  of  approximately  5.0  m in 
diameter.  The  orchards  included  in  the  survey  are  described  in  Table  2-1 . 

In  each  orchard,  15  trees  were  selected  randomly  for  each  week  from  the  middle  of 
May,  1996  to  August,  1996.  Trees  were  individually  inspected  every  week  using  visual 
sampling  method  following  the  procedure  described  in  the  preliminary  survey.  After  the 
visual  examination,  the  same  tree  was  further  sampled  using  the  shake-cloth  method  as 
described  in  the  comparison  of  sampling  methods  methodology.  The  number  of  spiders  as 
well  as  the  number  of  green  lacewings,  coccinellids,  and  ants  were  recorded. 

Table  2-1 . Description  of  the  lime  orchards  included  in  the  survey. 


1 Commercial  Homestead,  FL  4 Sprayed 

2 Commercial  Homestead,  FL  3.5  Sprayed 

3 Experimental  TREC-Homcstcad.  FL  4.5  Sprayed 

5 Commercial  Homestead,  FL  2.5  Not  sprayed 

6 Experimental  TREC-Homcstcad,  FL  2.5  Not  sprayed 


chms  leaf miner  control  |«ry«oe<ilirri  eioelto)  (3X).  Ethion  4 EC  (6  pt/acre)  for  braid  miles  ' 
\Polyphagolarmnemus  lotus]  and  snow  Seale  I Unaspts  cllrl J (2X),  Copper  fungicide  (4  lb  metallic)  for 
melanose  and  foot  and  root  rot  (3X):  sprayed  orchard  #3.  Agrimek  0.15  EC  + Petroleum  oil  97%  for  P. 
cllrella  (10 II  oa/actc)  (2X).  Copper  fungicide  (4  lb  metallic)  (2X). 


For  all  the  analyses,  spider  samples  were  pooled  for  each  sample  date  and  orchard. 
Abundance  was  calculated  for  all  the  identifiable  adult  species  for  spiders  as  well  as  for 
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green  lacewings,  coccinellids,  and  ants.  Spider  species  diversity  among  orchards  was 
estimated  using  Simpson  Index  of  Diversity  (D)  (Krebs  1989): 

•1/D=  1 UpP 

Where  1/D  = Simpson’s  reciprocal  index 

pi  = proportion  of  spider  species  / in  the  community 
Cluster  analysis  was  done  using  the  average  linkage  method  (PROC  CLUS,  SAS  Institute 
1989).  Data  transformation  ([log(mean  weekly  count+1)])  was  calculated  for  cluster 
analysis. 


In  general,  the  spiders  significantly  outnumbered  the  green  lacewings,  coccinellids, 
and  ants  (Figure  2-1).  The  density  of  green  lacewing  (Chiyspperla  nifilabris)  was 
significantly  more  than  coccinellid  ( Harmonia  sp.)  and  ants  ( Myrmelachisla  sp.).  Nine 
families,  24  genera  and  16  identifiable  species  of  spiders  were  recorded  (Table  2-2).  Three 
families  represented  the  web-building  spiders,  five  families  represented  the  hunting  spiders, 
and  one  family  represented  the  ambushers.  Fourteen  species  i.e.,  Araneus  sp.,  Cyclosa  sp., 
Eriophora  ravilla.  Gasteracantha  cancriformis , Leucauge  venusla,  Neoscona  arabesca, 
Theridion  sp,  Chiraamthium  inclusion,  HenUia  palmarum , Hibana  vetox,  Lycosa  sp,, 
Phidippus  regius,  and  Trachetas  volulus,  occurred  in  all  the  orchards  included  in  the 
sampling;  Conophisla  sp.  was  found  only  in  Orchard  U 1,  Acacecia  hamata  in  Orchard  #2, 
and  Argiope  caienuhta  and  Metaphidippus  vilis  in  Orchard  #3.  Lalrodectus  geometricus 
and  Plexippus  sp.  were  found  in  Orchard  #1  and  #2  whereas  Lyssomanes  viridis, 


Predatory  Arthropods 

Figure  2-1.  Abundance  of  predatory  arthropods  in  lime  orchards 

during  summer,  1995  at  Homestead,  Florida,  Vertical  bars 
with  the  same  letters  arc  not  significantly  different 
according  to  DMRT  (P  <0.05). 
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Tetragnatha  sp.,and  Theriduta  sp.  were  found  in  Orchard  #2  and  #3.  When  the  weekly 
count  was  averaged  for  the  three  orchards,  five  species  of  web-building  spiders  were 
represented  by  five  or  more  individuals  (Table  2-2).  Aranern  sp.  had  a weekly  mean  count 
of  8.5±2.6;  Eriophora  ravilla,  8.811.9;  Gastcracantha  cancriformis,  9.312.7;  Leucauge 
venusla,  7.2±2. 1 ; and  Theridion  sp.,  37.01*1. 1 . The  highest  frequency  was  recorded  on 
Theridion  sp.  in  all  orchards  (Figure  2-2).  Among  the  hunting  spiders,  four  species  were 
recorded  at  five  or  more  individuals  namely,  Chiracanthium  tnclusum  (22.413.5),  Hentzia 
palmarum  (8.013.5),  Hibana  velox  (39.417.7),  and  Trachelas  volulus  (23.813.8).  The 
highest  frequency  was  recorded  for  Hibana  velox  followed  by  Trachelas  volulus  and 
Chiracanthium  inclusum  (Figure  2-3). 

The  number  of  web  building  and  wandering  (hunters  and  ambushers)  spiders 
collected  from  June  to  August  1995  is  presented  in  Figure  2-4,  The  population  of 
wandering  spiders  increased  steadily  from  June  15  to  July  7'  with  a sudden  reduction  in 
population  density  on  July  15  followed  by  an  increase  on  July  23.  The  population  of  the 
web-building  spiders  had  a similar  trend  to  that  of  the  wandering  spiders.  However,  the 
web-building  spider  densities  were  relatively  low  in  June  until  July  7,  followed  by  a 
population  increase  on  July  15,  The  population  reached  a plateau  from  July  23, 
decreasing  afler  August  7. 

The  results  of  this  preliminary  survey  showed  a rich  spider  community  in  lime 
orchards  in  Homestead,  Florida.  Therefore,  for  a successful  integrated  pest  management 
strategy,  proper  identification  of  pests  and  their  natural  enemies  is  fondamental.  A simple 
spider  identification  key  was  developed  to  accomplish  this  identification  objective  (see 
Appendix  A). 

Among  the  web-building  spiders,  Theridion  sp.  was  the  most  abundant  in  lime 
orchards.  Theridion  sp.  preys  on  phytophagous  mites  (Putman  1967)  and  is  also  reported 
as  one  of  the  most  abundant  web-builders  in  apple  orchards  in  Frelighsburg,  Quebec 
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Figure  2-2.  Abundance  of  the  different  species  of  web-building  spiders 

in  lime  orchards  at  Homestead,  Florida  during  June  to  August,  1995. 
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Species  Name 

Figure  2-3.  Abundance  of  the  different  species  of  hunting  spiders  in  lime 
orchards  at  Homestead,  Florida  during  June  to  August,  1995. 
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Tabic  2-2.  Weekly  count  of  spiders  (representation 
orchards  at  Homestead,  Florida. 


Canada  (Dondalc  ct  al.  1979).  In  citrus, : 


• of  Theridion  spp.  was  reported 


most  common  canopy  web-building  spiders.  For  instance,  in  California,  Carroll  (1980) 
found  three  Theridion  spp.  dominating  the  canopy  of  citrus  trees.  They  built  delicate 
sheet  webs  across  a single  leaf  catching  primarily  small  flies,  midges  and  psocids,  but 
also  some  thrips,  wasps,  mites  and  aphids.  Likewise,  Theridion  sp.  may  also  teed  on 
various  arthropod  pests  in  lime  orchards,  possibly  on  phytophagous  mites,  thrips,  and 

The  wandering  spider  group  in  lime  orchards  was  dominated  by  three  species  of 
sac  spiders,  Hibana  ve/ox  (Anyphaenidae),  Chiracanlhium  inclusion  (Clubionidae),  and 
Trachelas  volulus  (Corrinidae).  These  sac  spiders  usually  spend  the  day  in  loose  silk 
nests  in  rolled  leaves  or  other  enclosed  spaces.  Carroll  (1980)  observed  that  sac  spiders 
were  the  most  abundant  in  California  citrus  orchards  and  wander  rapidly  at  night  over  the 

eggs,  and  lepidopterous  larvae.  After  extensive  laboratory  tests  of  Hibana  ( =Aysha ) sp. 
feeding  on  citrus  thrips,  Bravo-Mojica  (1975  cited  from  Carroll  1980)  concluded  that  this 
sac  spider  probably  consumed  a large  number  of  thrips.  However,  Carroll  (1980)  also 
found  that  most  species  of  spiders,  except  Clubionids  and  Anyphaenids,  in  citrus  orchards 
feed  primarily  on  inocuous  species  of  insects,  indicating  that  the  impact  of  spiders  on 

removal  of  all  sac  spiders,  primarily  Chiracanlhium  sp.,  increased  the  survival  of 
Spodoplera  sp.,  (Noctuidac)  caterpillars.  Moreover,  Wisniewska  and  Prokopy  (1993) 
reported  that  Anyphaenid  spiders  fed  on  leafhopper  nymphs  and  adults  and  on  Icofmincr 
larvae.  Our  results  indicated  that  in  lime,  C.  inclusion,  H.  velax,  and  T.  volulus  were 
important  mortality  factors  of  CLM.  Feeding  tests  in  the  laboratory  revealed  that  these 
sac  spiders  attacked  CLM  even  within  the  serpentine  mines  (Chapters  3 and  4). 


The  jumping  spider,  Hentzia  palmartim,  was  also  relatively  < 


orchards.  This  species  is  a day  hunter  and  was  observed  feeding  on  CLM  larvae.  This 
widely  distributed  species  is  commonly  reported  on  commercial  crops,  including  citrus, 
soybean,  and  cotton  (Whitcomb  et  a!.  1963a,  b). 

The  spider  population  trend  observed  during  the  sampling  period  (June  to  August, 
1995)  suggests  that  the  increase  in  population  of  hunting  spiders  and  web-building 
spiders  in  June  and  July  could  probably  be  attributed  to  a higher  population  of  arthropod 
prey  during  these  months.  For  instance,  Peila  et  a!.  (1996)  reported  high  population 
peaks  of  citrus  Icafmincr  in  June  to  July,  1995.  It  is  therefore  worthwhile  to  investigate 
the  population  of  the  important  arthropod  pests  in  lime  during  summer  and  correlate  it  to 
the  population  of  the  wandering  and  web-building  spiders. 


The  number  of  predators  collected  from  lime  orchards  using  three  different  sampling 
techniques  is  presented  in  Table  2-3.  In  all  the  orchards,  the  visual  sampling  method 
provided  the  highest  number  of  spiders  collected,  followed  by  the  shake-cloth  method.  A 
similar  trend  was  observed  for  green  lacewings,  Chrysoperla  ru/ilabris,  except  for 
Orchard  #3,  in  which  the  shake  cloth  method  collected  more  green  lacewings  than  the 
visual  method.  The  shake-cloth  technique  was  found  to  be  significantly  more  efficient  for 
sampling  ant  populations  than  the  visual  technique  followed  by  the  DVAC  sampling 
technique.  For  the  entire  sampling  period,  the  coccinellid,  Harmonia  sp.,  population  was 
low  in  all  orchards.  Ant  densities,  on  the  other  hand,  were  found  to  be  relatively  high 
compared  to  coccincllids,  particularly  in  Orchards  #1  and  #3  (Table  2-3).  The  spider 
species  abundance  of  nine  most  commonly  encountered  species  was  calculated  for  all  the 
sampling  locations.  The  commonly  encountered  species  consisted  of  four  species  of  web 
building  spiders  and  five  species  of  hunting  spiders.  The  web-building  spiders  included 
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Theridion  sp.  (Thcridiidae),  Gasleracanlha  cancriformis  (Araneidae),  Eriophora  ravilh 
(Araneidac),  Leucauge  vemisla  (Araneidae);  the  hunting  spiders  were  Hentiia  palmarum 
(Salticidae),  ChiracaMhium  indusum  (Clubionidae),  Trachelas  voiuius  (Corinnidae), 
Phidippus  regius  (Salticidae),  and  Hibana  velox  (Anyphaenidac).  Significant  differences 
(P  £ 0.0S)  for  mean  density  of  every  spider  species  were  observed  among  sampling 
methods  except  for  Eriophora  ravilla  (Table  2-4).  In  general,  there  was  significantly 
more  individuals  collected  with  the  visual  and  shake  cloth  methods  than  with  the  DVAC 
suction  method  except  for  Leucauge  venusla  in  which  significantly  more  individuals 

Table  2-3.  Number  of  predators  collected  in  three  lime  groves  using  three  different 
sampling  techniques  (Homestead,  FL,  Summer  1996). 

Spidcis  Lacewings  Cocdncllids  Ants 


(P  £ 0.05)  i 
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were  more  hunling  spiders  collected  using  visual  and  shake  cloth  methods  than  using  the 
DVAC  (Figure  2-5)  whereas  more  web-building  spiders  were  collected  using  theDVAC 

Table  2-4.  Abundance  of  commonly  encountered  spiders  in  lime  orchards  using  visual, 
shake-cloth,  and  DVAC  sampling  methods. 


Species  Mean  weekly  count  (i  S.E.) 

Visual  Method  Shake-Cloth  DVAC 


Means  across  rows  followed  by  the  same  letters  arc  not  significantly  different  according  to  DMRT 


except  for  Theridion  sp.,  which  more  frequently  found  using  the  visual  and  shake 
cloth  methods.  The  sac  spiders,  H.  velox,  C inclusion,  and  I volulus  were  rarely 
captured  using  the  DVAC  and  shake  cloth  methods.  Results  from  this  study  suggest  the 
higher  efficiency  of  visual  and  shake-cloth  methods  in  sampling  spiders  in  lime  orchards 
compared  to  DVAC  suction  method.  The  retreating  habits  of  the  different  spider  species 
in  lime  orchards  may  explain  the  difference  in  the  efficiency  of  the  three  sampling 
methods.  For  instance,  Theridion  sp.,  which  was  the  most  abundant  web-building  spiders 

surfaces  usually  on  the  edge  of  the  major  leaf  veins  (Carroll  1980)  and  also  on  branch  or 
stem  crevices  (personal  observation).  Shaking  the  plants  will  easily  dislodge  Theridion 


visual  shake-cloth  DVAC 


Figure  2-5.  Comparison  of  the  abundance  of  web-building  and  hunting 
spiders  collected  by  the  different  sampling  methods.  Vertical 
bars  with  the  same  letter  indicate  no  significant  difference 
according  to  DMRT  (P  <0.05). 
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sp.  from  the  retreat  nest.  The  sheet  web  is  also  easily  noticeable  by  visual 


examination.  The  DVAC  suction  machine  did  not  have  easy  access  to  retreat  locations 
of  Theridion  sp..  Wandering  spiders,  C.  inclusum,  H.  velox,  and  T.  volulus  retreat  in  a 
concealed  manner.  They  usually  are  inside  folded  leaves  glued  with  strong  sticky  silk. 
Shaking  or  suctioning  the  plant  will  not  easily  loosen  this  silk;  however,  the  sticky  glued 
leaves  are  easily  noticeable.  Thus,  visual  examination  has  an  advantage  over  shake-cloth 
and  DVAC  suction  methods  in  sampling  these  species  of  spiders. 


In  general,  the  number  of  predatory  arthropods  was  significantly  higher  in  the 
nonsprayed  orchards  than  in  the  sprayed  ones  except  for  coccinellids  (Figure  2-6).  Ten 
spider  families  represented  by  24  species  were  captured  during  this  study  (Table  2-5). 

Families  Anyphaenidae,  Clubionidae,  Corriniidae,  and  Thcridiidae  were  the  most 
numerous  followed  by  Araneidae  and  Salticidae.  Families  Lycosidae,  Lyssomanidae, 
Tetragnathidae,  and  Thomisidae  were  also  present  but  were  not  very  common. 
Abundance  of  the  different  species  of  spiders  was  computed  by  dividing  them  into  two 
guilds,  the  web  building  and  the  hunting  spiders.  Among  the  web  building  spiders, 
Theridion  sp,  was  the  most  abundant  species  in  alt  the  orchards  whereas  for  the  hunting 
spiders,  three  species  of  sac  spiders,  Hibana  velox,  Chiracanthtum  inclusum,  and 
Trachelas  volulus  and  one  species  of  jumping  spider,  Hentzia  palmarum  were  tile  most 
abundant.  These  spider  species  were  recorded  at  more  than  10  individuals  per  sampling 
period  in  all  the  orchards. 

Numbers  of  hunting  spiders  were  significantly  higher  in  nonsprayed  than  in 
sprayed  orchards;  for  the  web-building  spiders.  There  was  no  significant  difference  with 
the  spider  abundance  between  the  sprayed  and  nonsprayed  orchards  (Figure  2-7).  The 
Simpson  diversity  index  (SDI)  for  web-building  spiders  in  nonsprayed  and  sprayed 
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was  4.0  in  the  nonspraycd  orchards  and  3.3  in  the  sprayed  orchards.  The  calculated 
diversity  index  showed  that  there  were  more  species  for  both  web-building  and  hunting 
spider  groups  in  nonsprayed  orchards  than  in  sprayed  ones  (Table  2-5).  Cluster 
analysis  revealed  two  groupings  of  orchards  in  terms  of  the  densities  of  web  building 
Table  2-5.  Abundance  and  diversity  of  spiders  in  nonsprayed  and  sprayed  orchards. 


(meaittS.E)  Index  (racan±S.E.)  Index 


Web-  Thertdion  sp. 


spider  lacewing  cocdnellid  ant 
Arthropods 


predators  in  nonsprayed  and  sprayed  orchards.  Bars  with 
with  the  same  letters  are  not  significantly  different 
according  to  DMRT  (P  <0.05). 


Figure  2-7.  Difference  in  the  abundance  of  the  two  spide 
in  nonsprayed  and  sprayed  orchards.  Bars  will 
same  letter  arc  not  significantly  different  accor. 
to  DMRT  (P  <.0.05) 


jilding  spiders,  the  highest  simila 


was  between  orchard  63  and  orchard  #5  (CL  [cluster]  1)  (Figure  2-8),  which  clustered 
first  at  an  average  distance  of  2,0;  orchard  #2  and  orchard  #6  also  clustered  independently 
with  an  average  distance  of  3,9  (CL2).  Two  distinct  clusters  or  groupings  are  evident: 
orchard#  1,  orchard  #2,  and  orchard  66  as  the  first  group  and  orchard  #3,  orchard  #4,  and 
orchard  #5  as  the  second  group.  For  the  hunting  spiders,  two  independent  clusters  were 
obtained  (Figure  2-9),  one  for  orchard  #2  and  orchard  #3  and  another  one  for  orchard  #4 
and  orchard  #6,  with  an  average  distance  of  1.6  (CL1)  and  2.3  (CL2),  respectively. 
Similar  to  the  grouping  of  web-building  spiders,  two  distinct  groups  or  clusters  were 
identified.  However,  the  orchards  included  in  the  groupings  differed  from  the  web- 
builders  group.  The  first  group  consisted  of  orchard  61,  orchard  62  and  orchard  63.  The 
second  group  included  orchard  64,  orchard  65,  and  orchard  66.  The  unifying  factor  for 
the  orchard  groupings  was  the  application  of  the  pesticides.  For  the  hunting  spiders,  the 
first  group  consisted  of  orchards  that  were  sprayed  whereas  in  the  second  group,  the 
orchards  were  not  sprayed.  For  the  web-building  spiders,  the  group  consisted  of  mixed 
sprayed  and  nonsprayed  orchards.  There  was  no  clear  common  factor  in  the  two  orchard 
groupings.  It  is  evident  from  tho  result  of  the  spider  abundance,  diversity,  and  cluster 
ups  are  probably  more  affected  by  pesticides. 


alysis  that  the  hunting  grou 
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CHAPTER  3 

PREDATION  BY  THE  THREE  SPECIES  OF  SAC  SPIDERS  ON  CITRUS 
LEAFMINER,  PHYLLOCNISTIS  CITRELLA  (LEPIDOPTERA:  GRACILLARIIDAE) 


Introduction 

A great  deal  of  research  has  focused  on  species  of  hymcnoptera  that  parasitize  the 
citrus  Ieafininer  (CLM),  Phyllocnislls  cilrella  Stainton  (Knapp  et  al.  1995,  Heppner  1995, 
Burgeous  & Constantin  1995).  Some  of  the  parasitoid  species  cause  mortality  by  feeding 
externally  on  their  host  (R.  Duncan,  personal  communication)  and  their  effect  can  be 
confused  with  that  caused  by  predators,  which  are  also  potential  control  agents  for  P. 
cilrella  (Browning  1994,  Browning  & Peha  1995,  Amalin  ct  al.  1995,  Zhao  1989,  Zhang 
ct  al.  1994,  Argov  & Rossler  1996).  Two  species  of  lacewings,  Ancylopteryx 
octopunctata  and  Chrysopa  bonensis,  have  been  effective  against  CLM  in  the  Guangzhou 
area  of  South  China.  Larvae  of  A.  octopunctata  feed  only  on  eggs,  larvae,  and  pupae  of 
the  CLM  whereas  C.  bonensis  feeds  on  all  stages  (Zhang  ct  al.  1994).  Chrysopa  bonensis 
larvae  can  eat  an  average  of  149  CLM  during  development  at  temperatures  near  95°F,  but 
it  is  less  effective  when  temperatures  are  below  59°F  (Chen  et  al.  1989).  In  Florida  and 
Honduras,  Chrysoperla  rujilabris  larvae  have  been  observed  feeding  on  CLM  larvae.  In  a 
preliminary  experiment,  supplemental  releases  of  lacewing  larvae  significantly  reduced  the 
number  of  CLM  per  tree  during  three  weeks  following  release  (Browning  & PeBa  1995). 
Ants  were  also  found  feeding  and  removing  CLM  larvae  in  South  China  (Huang  et  al. 
1989).  Spiders  were  also  observed  in  the  field  to  prey  upon  the  CLM  (Argov  & Rossler 
1996) 

Few  studies  have  been  made  to  identify  indigenous  generalist  spiders  (Amalin  et  al. 
1995)  or  assess  their  effects  on  CLM  densities.  The  objectives  of  this  study  are  to  identify 


predators  of 


the  species  of  spiders  feeding  on  CLM  and  to  evaluate  their  efficiency  as 
CLM  under  laboratory,  greenhouse,  and  field  conditions.  Preliminary  observations  on  the 
analysis  of  the  prey  remnants  inside  the  gut  of  the  spiders  is  presented  and  discussed.  The 
method  is  based  on  the  detection  of  prey  enzymes  in  homogenates  of  the  predator  after 
polyacrylamide  gel  electrophoresis.  The  main  purpose  of  this  study  is  to  develop  a system 
for  assessing  the  efficiency  of  spiders  on  CLM  control  in  nurseries  and  orchards. 

Materials  and  Methods 


Nephila  ctavipcs,  Neoscona  arabesca,  and  Eriophora  ravilla,  three  species  of  space-web 
spiders,  Theridion  sp.,  Theridula  sp,  and  Coleosoma  Jloridanum,  and  five  species  of 
hunting  spiders,  Chiracanlhium  inclusum , Hentzia  palmarum,  Hibana  ve/ox,  Phidippus 
regius,  and  Trachelas  volulus  collected  from  an  experimental  lime  orchard  at  Tropical 
Research  and  Education  Center  (TREC),  Homestead,  Florida  were  included  in  the  feeding 
test.  Immature  spiderlings  from  each  species  were  placed  individually  in  a 15mm  x 
1 00mm  diameter  petri  dish  lined  with  a gel  substrate  (400  mg  agar,  dissolved  in  1000  ml 
of  distilled  water,  with  2 mg  Benlate  dissolved  in  20  ml  acetone  and  autoclaved  at  1.1  kg 
cm  "3  for  15  min)  (Figure  3-1).  Portions  of  leaf  containing  five  sccond-instar  P.  citrella 
larvae  were  placed  in  the  petri  dish.  The  containers  were  kept  in  an  incubator  maintained 
at  27"C,  12L:12D,  and  80%  RH.  During  three  consecutive  days,  the  larvae  were  removed 
daily  from  the  containers  and  replaced  with  fresh  ones.  On  these  containers,  the  number 
of  larvae  killed  was  counted.  The  experiment  was  repeated  three  times  on  three  different 


Feeding  efficacy  test 


Laboratory  studies:  The  susceptibility  of  P.  cilrella  to  C.  inclusion,  H.  whs,  and 
T.  volulus  was  tested  in  the  laboratory.  Laboratory-reared  second  and  third  spideding 
instars  of  C inclusum.H.  vclor,  and  T.  volulus  were  placed  in  petri  dishes  with  10  second 
instar  P.  cilrella  larvae  following  the  methodology  specified  above.  Petri  dishes  were  kept 
in  the  incubator  at  2TC,  12V.12D  photoperiod,  and  80%  RH.  Mortality  of  P.  cilrella  was 
recorded  every  three  days  for  two  weeks.  Each  treatment  was  replicated  three  times. 

consisted  of  a modified  2-liter  soft  drink  bottles  of  clear  polyethylencterethylate  (PET) 
with  fabric  sleeves  attached  in  both  ends  (Figure  3-2).  Cages  were  240mm  x 120  mm,  and 
enclosed  one  branch  of  a half-gallon  potted  lime  plant.  All  branches  used  in  this  study  had 
I5.0±1.3  leaves  to  produce  a standard  infestation  of  20  first  and  second  instar  larvae  of P. 
cilrella  per  cage.  Any  other  insect  or  mite  species  were  hand-removed  from  the  cage. 


prevent  other  factors  from  interferin; 

A single  3rd  spider  nymphal 
counted  one  week  after  exposure.  Control  c 
other  predators.  Each  treatment  was  replict 
daily  from  25  to  27”C  with  70.0%  ± 9.6  RH. 


nt  durin 


experiment  period  and  to 
h the  parameters  being  examined. 

: was  placed  into  each  cage  and  dead  CLM  larvae 
ol  cages  contained  P.  cilrella  but  no  spiders  and 
ilicated  three  times.  The  temperature  fluctuated 
can  weekly  predation  rates  were  recorded 
analysis  of  variance  (ANOVA),  followed 


by  Duncan’s  Multiple  Range  Test  (DMRT). 
1998  at  the  Tropical  Research 


'as  conducted  during  July,  1998  and  August, 
>n  Center,  Homestead,  FL.  Rates  of  predation 
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of  Hibana  velox  on  first,  second,  third  larval  instars  and  prepupa]  stage  of  P.  cilrella  were 
measured  using  field  cages.  Cages  were  constructed  of  nylon  mesh  screen  (91cm  wide  x 
91cm  long  x 122cm  high)  supported  on  PVC  frames.  One  side  of  the  cage  had  a slit 
opening,  which  was  provided  with  a zipper  to  close  and  open  the  cage  (Figure  3-3).  The 
cages  enclosed  two-year  old  potted  lime  plants.  All  plants  were  previously  infested  with 
CLM  to  produce  a standard  infestation  per  plant.  Only  1st,  2nd,  and  3rd  instar  larvae 
were  retained  and  all  other  P.  cilrella  stages  removed.  This  was  done  to  keep  the  prey 
numbers  constant  throughout  the  experiment.  Before  the  plant  was  introduced  into  the 
cage,  the  plants  were  shaken  vigorously  to  dislodge  any  resident  arthropods,  which  were 
then  removed.  Each  pot  inside  the  cage  was  placed  on  a plastic  pot  container  with  water. 
This  was  done  to  avoid  other  predators  (i.e.  ants),  which  can  crawl  at  the  bottom  slit  of 
the  cage  to  get  into  the  plants. 

For  the  two  experiments,  fourth  spiderling  instar  of  H.  velox  previously  fed  an  artificial 
diet  (see  Chapter  5)  was  used.  In  the  first  experiment,  0, 1,  S,  10,  and  25  P.  cilrella  larvae 
were  placed  into  each  cage  and  a single  spider  added  to  each  cage.  Each  treatment  was 
replicated  three  times.  Control  cages  contained  prey  but  not  predators.  In  the  second 
experiment,  25  -1st  and  -2nd  larval  instar  of  P.  cilrella  were  placed  into  each  cage  and  1, 
2,  and  3 fourth  instar  spiderling  H.  velox  were  introduced  per  cage.  Cages  were  inspected 
twice  a week  for  two  weeks.  Dead  CLM  were  recorded  and  removed.  Control  cages 
contained  prey  but  no  predators.  Each  treatment  was  replicated  three  times.  Percent 
mortality  was  calculated  as  number  of  dead  CLM  divided  by  the  total  number  of  CLM  in 
each  plant.  Mean  weekly  predation  rates  were  compared  between  predator  regimes  by 
analysis  of  variance  and  differences  among  treatments  were  compared  by  Duncan's 
Multiple  Range  Test  (DMRT). 


Gul  Conlenl  Analysis 


The  prey  remnants  inside  the  gut  of  Chiracanthium  inclusum,  Hibana  velox,  and 
Trachelas  mlulus  were  detected  by  Polyacrylamide  gel  electrophoresis  (PAGE).  The 
method  is  based  on  the  detection  of  prey  enzymes  in  homogenates  of  the  predator  after 
PAGE  and  then  stained  for  esterase  activity. 

Chapter  5.  Samples  of  CLM  larvae  were  obtained  from  field  collections.  Homogenates 
were  obtained  from  spiders  fed  with  five  2nd  larval  instar  of  CLM,  spiders  fed  with 
artificial  food  medium,  and  2nd  larval  instar  of  CLM.  Spiders  were  squashed  individually 
in  a 5-1  Op]  of  maceration  fluid  (tris/EDT A/borate  buffer  with  0.2%  TritonX-100  and  10% 

procedure  was  used  for  CLM  larvae  except  that  numbers  of  larvae  varied  from  1, 2, 5,  to 
10  CLM  in  different  homogenate  samples.  This  range  of  larval  densities  was  used  in  order 
to  determine  the  difference  in  the  intensity  of  esterase  bands  with  varying  numbers  of 
CLM  larvae.  For  each  sample,  20  pi  homogenate  was  dispensed  with  the  aid  of  loading  tip 
to  the  sample  holders  that  were  positioned  on  top  of  the  gel. 

Electrophoresis:  Electrophoresis  was  carried  out  as  described  by  Murray  and 
Solomon  (1978)  and  by  Solomon  et  al.  (1985)  with  some  modifications.  Polyacrylamide 
slab  gels  (see  Appendix  B for  detailed  composition)  with  a total  gradient  concentration  of 
5-28%  and  a cross-link  gradient  of  2,S-6.2%  (Margolis  & Wrigley  1975)  were  prepared 
between  two  glass  plates  with  the  aid  of  gel  gradient  maker.  A tris/EDTA/boratc  (TEB) 
buffer  pH  8.3,  to  which  0.2%  w/v  Triton  X- 1 00  was  added,  was  used  as  the  gel  buffer. 


The  running  buffer  was  also  TEB  wit! 


SO 


thout  Triton  X-100.  The  samples  were  run  to 

endpoint  for  20  h at  200  volts. 

Alter  electrophoresis,  gels  were  incubated  in  a medium  containing  30mM  1- 
naphthyl  acetate  and  0.2%  Fast  Blue  RR  Salt  in  0.2  M phosphate  buffer,  pH  6.0  in  order 
to  stain  proteins  with  esterase  activity.  Conclusions  about  the  identity  of  prey  remnants 
inside  the  gut  of  predators  were  drawn  by  visual  comparison  of  esterase  patterns  of  the 
artificially  fed  spiders  and  CLM  fed  spiders. 


Among  the  three  tested  spider  guilds,  only  the  hunting  spiders  were  confirmed  to 
feed  on  CLM  larvae  and  in  some  cases  prepupae  (Table  3-1).  The  four  species  of 


Table  3-1.  Result  of  the  feeding  lest  for  commonly 
orchards  on  CLM  larvae. 


Tasa/Guild  Species  (n  ■ 10) 


CLM  Association 


burning  spiders  ■ 


; of  sac  spiders,  Chiracanlhium 


inclusum  (Ciubionidae) 


(Figure  3-4),  Trachelas  volulus  (Corrinidac)  (Figure  3-5),  Hibana  velox  (Anyphaenidae) 
(Figure  3-6),  and  one  jumping  spider,  HeMtia  palmarum  (Sallicidae).  All  of  the  species  of 
spiders  attacked  CLM  larvae  within  the  mines  by  puncturing  the  mines  and  then  sucking 
the  body  fluid  of  the  larvae  or  by  making  a hole  in  the  mines,  pulling  the  larvae  out  and 
then  feeding  on  the  body  fluids. 


spiders,  C.  inclusum,  H.  velox,  and  T.  volulus , The  jumping  spider,  H.  palmarum,  was  not 


was  very  low.  Results  of  the  feeding  efficiency  tests  arc  shown  in  Table  3-2.  The  second 
spiderling  instar  of//,  velox  and  T.  volulus  consumed  significantly  more  CLM  larvae  than 
C inclusum.  The  third  spiderling  instar  H.  velox  consumed  significantly  more  CLM  larvae 
than  C inclusum  and  T.  volulus  (Table  3-2).  Under  laboratory  conditions,  the  predation 
rate  of  the  three  species  of  sac  spiders  can  be  ranked  as  follows:  H.  velox  > C.  inclusum  > 
r.  volulus.  This  finding  suggests  that  H velox  is  a more  efficient  predator  than  C. 
inclusum  or  T.  volulus.  Nevertheless,  the  presence  of  these  three  species  of  spiders  as  well 
as  the  jumping  spider,  H.  palmarum,  should  give  a higher  degree  of  predation  on  CLM 
population  than  a single  predator  in  the  orchard. 

Greenhouse  studies 

under  greenhouse  conditions  is  presented  in  Figure  3-7.  The  trend  or  the  ranking  of 


included  in  the  test  because  very  few 


spiderling 
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Table  3-2.  Efficacy  of  the  second  and  third  nymphal  spiderling  stages  of  the  three  species 
of  spiders  on  CLM  larvae. 


Spider  Species  Percent  CLM  mortality  by  different  spiderling  nymphal  stages 

second  nymphal  stage  third  nymphal  stage 


Means  followed  by  the  same  letters  within  a column  are  not  significantly  different  <P  S 0.05)  according  to 

predation  rate  is  similar  to  the  result  obtained  from  the  laboratoiy  efficiency  test.  Hibana 
velox  consumed  more  CLM  larvae  than  C.  inclusum  and  T volulus.  This  result,  as  well 
as  the  result  under  laboratory  conditions,  confirmed  our  hypothesis  that  sac  spiders  are 
probably  the  most  promising  natural  enemies  of  CLM  in  lime  orchards.  Previous  feeding 
tests  conducted  on  related  species  of  sac  spiders  on  other  lepidopterous  pests  gave  similar 
results.  For  instance,  Carroll  (1980)  reported  that  sac  spiders  in  the  families  Clubionidae 
and  Anyphaenidae  preyed  on  a number  of  important  arthropod  pests  such  as  Lepidoptera, 
mites,  and  thrips  and  concluded  that  sac  spiders  contribute  to  control  of  lepidopterous 
pests  in  California  citrus  orchards.  Moreover,  an  experiment  in  Israel  on  apple  trees 
demonstrated  that  when  all  sac  spiders,  primarily  Chiracamhium  spp.,  were  removed  from 
the  trees,  the  survival  of  Spodoplera  sp.  (Noctuidae)  caterpillars  hatching  from  egg  masses 
was  very  high  whereas  if  the  spiders  were  left  on  the  trees  vety  few  caterpillars  survived. 
Corrigan  & Bennett  (1987)  also  reported  that  C.  mildci  sought  out  apple  trees  infested 
with  spotted  tentiform  leafminer,  Phyllonorycler  blancardella.  Other  species  of  sac 
spiders,  particularly  members  of  the  Anyphaenid  family,  were  found  feeding  and  reducing 
the  tentiform  leafminer  larvae  on  apple  trees. 
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Spider  Species 

Figure  3-7.  Predation  rate  of  C.  inclusion,  H.  veins,  and  T volutus  on  CLM  larvae 
under  greenhouse  conditions.  Bars  followed  by  the  same  letters  are 
not  significantly  different  according  to  DMRT  (P  <0.05). 


Experiment  I.  The  results  of  the  field  cage  experiment  indicated  that  as  the 
density  of  its  prey  increases,  the  number  of  prey  consumed  by  H.  velox  also  increases 
(Table  3-3).  The  fitnctional  response  cutve  of  H.  velox  to  prey  density  (Figure  3-8)  is 
essentially  similar  to  the  sigmoid  curve,  characteristic  of  the  fitnctional  responses  of 
various  predators  (Holling  1961,  HufTaker  et  al.  1971).  The  response  obtained  is  also 
similar  to  the  sigmoid  curve  described  for  Chiracanthium  mildei  (Araneae:Clubionidae) 
preying  on  different  densities  of  Spodoplera  lilloralis  (Mansour  ct  al,  1980a,  b)  and  for 
Phitodromus  rujus  (Araneae:Thomisidae)  consuming  various  densities  of  Drosophila 
(Haynes  & Sisojevia  1966). 

Table  3-3.  Average  number  of  prey  consumed  per  Hibana  velox  provided  with  different 
densities  of  1st  and  2nd  instar  larvae  otP.  cilrella. 


Mean  followed  by  the  same  leners  ate  not  significantly  diUcrem  (PsO.OS)  according  to  DMRT. 

Experiment  2.  Significantly  more  CLM  larvae  were  consumed  when  two  to  three 
spiders  were  placed  inside  each  cage  (Figure  3-9),  There  is  a possibility  that  the  activity  of 
the  predator  may  be  affected  by  predator  density  if  predators  interact  (Burnett  1958).  The 
predator  functional  response  in  relation  to  prey  density  may  be  an  adequate  indicator  of 
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Prey  Density 

Figure  3-8.  Effect  of  density  of  citrus  leafminer  larvae  on  the  number 
consumed  upon  exposure  to  Hibana  velox.  Points  with  the 
same  letters  are  not  significantly  different  according  to 
DMRT(P<0.05). 
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Number  of  Spiders 


Figure  3-9.  Effect  of  different  numbers  of  spiders  on  the  percent  CLM 

consumption.  Points  with  the  same  letters  are  not  significantly 
different  according  to  DMRT  (P  <0.05) 


predatory  potential.  It  is  evident  from  the  results  of  this  experiment  that  as  the  number  of 
spider  increased,  the  prey  consumption  also  increases.  Future  investigations  should 
determine  the  best  predator-prey  ratio  for  managing  the  population  of  CLM. 

Gul-centent  maJysis.lhfOMRh  electrophoresis 

Prey  as  well  as  predator  species  have  a characteristic  esterase  pattern.  No  esterase 
was  obtained  from  the  C.  inclusum  and  T.  volulus  fed  with  artificial  medium  (Figure  3-10, 
wells  3 to  5);  however,  H.  velox  that  fed  on  the  artificial  medium  gave  one  esterase  band, 
which  is  different  from  the  CLM  esterase  in  having  lower  molecular  weight  than  the  CLM 
esterase.  The  esterase  obtained  on  C.  inclusum  fed  with  CLM  larvae  in  the  laboratory  was 
similar  to  the  esterase  of  CLM.  Similarly,  a single  esterase  band  was  obtained  from  H. 
velox  that  fed  on  CLM  and  this  band  also  seems  to  be  identical  to  the  CLM  esterase 
(Figure  3-1 1,  well  9).  No  esterase  activity  was  obtained  from  T.  volulus  that  fed  on  CLM 

The  specific  esterase  activity  patterns  allow  in  many  cases  the  identification  of  prey 
remnants  inside  the  predator  gut  (Van  Der  Geest  & Overmeer  1985).  After 
electrophoresis  and  staining  for  esterase  activity,  the  CLM  larvae  and  prepupae  showed 
only  one  esterase  (Figures  3-10  and  3-1 1).  There  was  a difference  in  the  intensity  of  the 

The  intensity  increases  as  the  number  of  individuals  per  sample  increases  (Figures  3-10  & 
3-11).  This  difference  in  intensity  could  possibly  be  used  to  quantify  the  number  of  prey 
consumed  by  the  predator.  The  results  of  this  experiment  are  in  conformity  with  the  result 
by  Murray  & Solomon  (1978)  on  the  esterase  pattern  of  Panonychus  ulmi  (Koch),  the 
European  red  spider  mite.  On  the  contrary,  Dicke  & DeJong  (1988)  have  obtained  several 
esterases  also  on  P.  ulmi.  Only  the  CLM  esterase  appears  to  have  been  expressed  in 
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onfirmed  by  doin 


using  a field-collected  predator,  a difficulty  may  arise  in  the  identification  of  prey  as  not  all 
esterases  of  a prey  may  be  found  in  the  gut  of  a predator.  Certain  esterases  may  be 
localized  in  tissues  that  are  not  ingested,  complicating  the  identification  of  the  prey  for 
field  collected  specimens.  It  is  necessary  to  co-electrophorese  all  suspected  prey  species 
with  the  predators  on  the  same  gel.  Moreover,  the  use  of  other  enzymes  i.e.  fumarate 
hydratase,  glucose-6  dehydrogenase,  and  hexokinase  must  also  be  considered  in  order  to 
look  for  a more  stable  enzyme  that  will  be  used  for  gut  content  analysis. 


CHAPTER  A 

PREDATORY  BEHAVIOR  OF  THREE  SPECIES  OF  SAC  SPIDERS 
ATTACKING  CITRUS  LEAFMINER 


Introduction 

Great  differences  exist  among  spiders  concerning  the  ways  in  which  they  obtain 
their  prey.  While,  some  spiders  stalk  their  prey  and  others  ambush  it,  most  spiders  trap 
their  prey  by  snares  and  a few  live  as  commensals.  Spiders  destroy  their  prey  by  means  of 
venom  secreted  by  a pair  of  glands  in  the  cephalothorax.  The  ducts  from  these  glands 
open  on  each  side  through  a minute  pore  located  near  the  tip  of  the  claw  of  the  chelicerae. 

Prey  catching  strategies  have  been  thoroughly  studied  in  web  building  spiders 
(Foelix  1996).  For  instance,  the  sheet  web  spider  (family  Agclenidae)  hides  in  its  funnel- 
shaped  retreat  nest  and  rushes  out  only  when  the  prey  has  been  trapped  in  the  web. 
Members  of  the  family  Linyphiidac  construct  a horizontal  sheet  web  with  vertical  threads 
that  serve  as  trapping  lines  for  insects.  Once  the  prey  is  trapped  by  the  threads,  the  spider 
shakes  the  web  until  the  victim  falls  onto  the  sheet,  then  bites  through  the  web  and  pulls 
down  the  victim.  Some  web  building  spiders  (i.c.  theridiids)  produce  threads  with  glue 
droplets,  that  trap  and  glue  the  insect  to  the  broken  thread,  becoming  progressively  more 
entangled  while  freeing  itself.  The  alerted  spider  quickly  climbs  down  and  throws  more 
sticky  threads  over  the  victim  before  biting  it.  The  various  groups  of  orb-weaving  spiders 
exhibit  three  related  strategies  of  prey  capture:  Strategy  1 - seize  with  chelicerae  - pull  out 
of  web  - carry  in  chelicerae  - wrap  at  hub  and  secure  to  web  - feeding,  i.e.,  Nephila  spp.; 
Strategy  2 - bite  - wrap  in  web  - cut  out  of  web  - carry  on  thread  or  carry  on  chelicerae  - 
wrap  at  hub  and  secure  to  web  - feeding,  i.e„  Nephila  spp.:  and  Strategy  3 - wrap  - bite  - 
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cut  out  of  web  and  cany  on  thread  or  cut  out  of  web  and  cany  on  chelicerae  - wrap  at  hub 
and  secure  to  web  - feeding,  i e Araneus  and  Argiope. 

The  wandering  spiders  do  not  rely  on  a snare,  but  most  locate  and  overpower  their 
prey  directly.  Among  the  more  familiar  examples  of  wandering  spiders  are  the  wolf 

(Thomisidae),  and  the  two-clawed  foliage  spiders  (Clubionidac,  Anyphaenidae)  These 
spiders  run  in  search  of  their  prey  and  pounce  upon  it  when  an  opportunity  arises. 
Wandering  spiders  exemplified  by  lycosids  or  wolf  spiders  are  reported  to  actively  hunt  for 
their  prey  (Savoiy  1926,  Comstock  1948,  Bristowe  1971)  and  are  equivalent  to 
Schooner’s  type  II  predator,  expending  time  and  energy  on  searching  (Foelix  1996). 
Hunting  spiders  spend  some  of  their  time  stationary  in  one  place  and  may  in  feet  adopt  a 
sit  and  wait  strategy.  The  entire  prey  capture  for  wandering  spiders  passes  through  the 
following  stages:  locating  the  prey,  turning  toward  the  victim  and  grasping  it  with  the  tips 
of  the  front  legs,  pulling  the  prey  to  the  chelicerae  and  biting  (venom  injection),  releasing 
the  grasp  with  the  legs  and  holding  the  prey  with  the  chelicerae,  fastening  of  some  silk 
thread  over  the  immobilized  prey,  and  then  feeding.  Wandering  spiders  may  locate  their 
prey  either  by  visual  cues  or  by  vibration,  depending  on  the  species.  Classical  examples  of 
visually  guided  predators  are  the  jumping  spiders.  They  have  highly  developed  main  eyes 
that  can  analyze  shapes,  and  can  even  recognize  motionless  prey  (Jackson  & Tarsitano 
1993).  Blind  spiders,  like  the  clubionids  and  related  species,  rely  on  the  vibration  of  the 

The  three  species  of  hunting  spiders  found  feeding  on  CLM  larvae  and  prepupae, 
belong  to  the  group  of  spiders  with  poor  vision  [Chapter  3],  Most  likely  their  prey 
capture  depends  greatly  on  the  substrate  vibration.  In  this  chapter,  the  predatory  behavior 
of  three  species  of  hunting  spiders  [Chiracanthium  Inclusum  (Clubionidae),  Htbana  veto 
(Anyphaenidae),  and  Trachelas  volutus  (Corrinnidac)]  attacking  CLM  is  investigated. 


This  study 


objectives:  1) 


investigate  the  predation  strategy,  and  3)  to  know  the  developmental  stages  of  spiders 
actively  feeding  on  CLM. 


Feeding  times  of  the  three  hunting  spiders  were  determined  from  observations  over 
a 24-hour  period.  A petri  plate  (10.5  cm  diam  x 2.0  cm  high)  was  used  as  the 
experimental  arena.  Leaves  of  lime  (Cirrus  auranli/olia ) with  five  CLM  larvae  within  the 


was  placed  in  each  arena  that  was  lined  at  the  bottom  with  moistened  filter  paper  to  retain 
the  freshness  of  the  leaves.  The  experimental  set-up  was  replicated  three  times  for  each 
of  the  three  spider  species,  for  a total  of  nine  separate  plates.  All  the  petri  plates  were 
placed  in  an  incubator  with  constant  temperature  (27°C)  and  relative  humidity  (80%),  and 
a 12-h  photoperiod 

Observations  of  spider  activities  were  made  every  15  min  during  the  photophase 
and  scotophase,  using  a portable  red  light  with  an  intensity  of  5.0  Lux. 

Predatory  strategy 

cassette  recorder  (Panasonic  Model  AG-6730).  The  three  species  of  hunting  spiders 
included  in  this  experiment  were  placed  separately  in  a small  petri  plate  (3.5  cm  diam.  x 
0.5  cm  high).  The  petri  plate  was  provided  with  5 CLM  second  instar  larvae  on  lime 


Malwkls-flnd-Methpds 


: placed  in  each  petri  plati 


-stage  spiderling 


conducted  in  a room  with  all  the  lights  off  starting  at  6:00  in  the  evenin 
following  morning.  To  have  a clear  view  of  the  predatory  activity,  red  lights  (5.0  Lux 

were  gathered:  retreat  period  (no  locomotion,  no  body  movement,  the  spider  remained 
inside  the  retreat  nest);  searching  time  (locomotory  action  toward  prey),  handling  time 
(often  indicated  by  a period  during  which  the  spider  started  to  attack  the  prey  and  lasted 
until  prey  was  consumed).  The  number  of  CLM  consumed  was  verified  the  following 
morning  by  counting  the  number  of  dead  CLM  under  a microscope. 

To  determine  spider  developmental  stages  feeding  on  CLM,  the  three  species  of 
spiders  were  reared  from  first  nymphal  stage  to  adult  stage  using  CLM  solely  as  their 
food.  Ten  CLM  second  instar  larvae  still  within  the  serpentine  mines  on  lime  leaves  were 
placed  in  each  petri  plate  (10.5  cm  diam  x 2,5  cm  high).  Individual  first-nymphal-stage 
spiderlings  were  introduced  into  each  petri  plate.  Ten  spiders  per  species  were  included  in 
the  experiment.  Dead  CLM  larvae  were  counted  every  other  day,  and  after  the  mortality 
reading,  new  CLM  larvae  were  added  to  each  petri  plate  to  keep  the  number  of  CLM 
constant.  The  molting  period  was  noted  for  each  spider  to  determine  the  developmental 


Results  and  Discussion 

The  mean  duration  of  locomotory  activity  for  each  species  was  grouped  in  six  fi- 


nally active  (Figure  4-1). 
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The  onset  of  the  locomotory  activity  for  C inclusum  and  H.  velox  was  at  the 
beginning  of  interval  4,  which  was  about  one  hour  into  the  scotophasc.  Trachclas  volulus, 
on  the  other  hand,  showed  some  locomotory  activity  4 hour  into  photophase.  The 
observed  daytime  activity  of  T.  volulus  was  very  short,  lasted  only  30  minutes,  followed 
by  a retreat  period  of  about  7 hours.  The  peak  of  locomotory  activity  for  the  three  species 
was  at  intervals  4 and  5.  The  locomotory  activity  was  reduced  at  the  end  of  interval  6. 
These  observations  suggest  that  C inclusum  and  H.  velox  are  strictly  noctumally  active 
hunters.  Trachelas  volulus  is  primarily  a nocturnal  hunter  but  could  also  be  active  during 

These  three  species  of  spiders  belong  to  a group  of  spiders  with  poor  vision.  Their 
eyes  are  simple  (Land  1985)  and  they  rely  little,  if  at  all,  on  visual  cues  in  prey  capture 
sequences.  They  can  detect  their  prey  through  vibration  of  the  substrate  where  the  prey  is 
concealed.  Movement  of  CLM  larvae  and  prepupae  probably  creates  the  vibration  of  the 
leaf  substrate,  which  could  then  serve  as  the  cue  for  the  spiders  to  locate  the  position  of 
the  larva  or  prepupa.  The  prey  capture  sequence  for  these  three  species  of  spiders 
followed  a similar  pattern.  During  the  searching  period,  the  spiders  moved  around  and 
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Trachetas  volutus 


Time  Intervals 

Figure  4-1 . Duration  of  locomotoiy  activities  in  three  species  of 
hunting  spiders  measured  in  six  4-hour  intervals. 


ation.  Once  the  spider  touched  the 


then  stopped  for  a while  to  locate  the  source  of  the  vibra 
prey  with  its  legs  (Figure  4-2),  the  spider  turned  very  rapidly  toward  the  prey  and  started 
to  grasp  the  prey.  Two  methods  of  prey  attack  were  exhibited  by  the  three  species  of  sac 
spiders.  In  one  case,  the  spider  punctured  the  mine,  immobilizing  the  larva  followed  by 
biting  and  sucking  the  larval  body  fluid.  In  the  second  behavioral  pattern,  the  spider  made 
a slit  on  the  mine,  then  pulled  the  larva  or  prepupa  out  of  the  mine  using  the  forelegs.  The 
first  gentle  touch  with  the  forelegs  was  quickly  changed  into  a powerful  grip  probably 
aided  by  the  special  hairs  on  the  forelegs.  Rovner  (1978)  reported  that  for  Cuppiennius, 
another  genus  of  wandering  spider,  the  forelegs  are  able  to  improve  their  secure  hold  by 
means  of  the  adhesive  hairs  or  scopulae  on  the  tarsi.  This  could  also  be  true  for  C. 
inclusion,  H.  velox,  and  T.  volulus.  These  species  possess  tarsal  scopulae  and  dense  claw 
tufts  (Roth  1993,  Edwards  1958,  Piatnick  1974),  After  securing  the  hold,  the  prey  was 
quickly  pulled  toward  the  spider's  body,  the  chclicerae  of  their  fangs  moved  apart  and 
inserted  quickly  into  the  nearest  part  of  the  victim's  body.  Immediately  after  the  bite,  the 
tips  of  the  legs  released  their  grip  and  the  prey  was  held  in  the  air  only  with  the  chelicerae, 
thereby  minimizing  any  danger  to  the  spider  from  the  prey.  This  is  advantageous  because 
the  victim  has  no  contact  with  the  substrate  and  therefore  cannot  apply  any  directed  force 
to  free  itself.  Only  after  the  prey  has  become  immobilized  by  the  venom  does  actual 
feeding  (the  chewing  and  the  exuding  of  digestive  juice)  begin.  Figures  4-3  to  4-5  show 
the  predation  sequence  of  these  three  species  of  hunting  spiders. 

The  searching  time  or  the  time  to  locate  the  prey  differed  among  the  three  species. 
Trachelas  volulus  located  the  prey  faster  than  C.  inch, sum  and  H.  velox.  An  average 
5.5,  9.0,  and  20  minutes  were  spent  on  prey  location  by  T.  volulus,  H.  velox,  and  C. 
inclusion,  respectively  (Table  4-2).  Similarly,  handling  time  or  the  feeding  period  was 
faster  for  T.  volulus  than  for  the  other  two  species  (Table  4-2).  Chiracanlhium  inclusion 
and  H.  velox  moved  more  frequently  in  the  experimental  arena  than  T.  volulus. 
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Figure  4-4.  Prcdalion  sequence  of  Hibana  velox . A)  searching.  B)  feeding, 
and  C)  after  feeding,  (arrow  refers  lo  the  mine  after  feeding). 
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Moreover,  there  was  also  a long  period  of  resting  for  C.  inclusion  and  H.  velox  after  every 
feeding.  Trachelas  volulus,  on  the  other  hand,  exhibited  a short  resting  period  after  evety 
feeding.  These  observations  could  be  the  reason  why  the  average  percent  CLM 
consumption  was  higher  for  T volulus  (90%)  compared  to  C.  Inclusum  (60%)  and  H, 
velox  (64%)  (Table  4-2). 

Table  4-2.  Duration  of  time  for  predation  activity  and  the  number  of  citrus 
Ieafmincr  consumed  in  24  hours  by  the  fourth-nymphal  stage  spiderlings  of 
the  three  species  of  hunting  spiders. 


Spider  Spcdcs  Searching  Time  Handling  Time  KCLM 


Data  arc  means  ± SE  of  three  rcpiicali 


The  developmental  stages  of  spiders  have  been  classified  by  Vachon  (1957  cit. 
Foelix  1996)  based  on  the  postembiyonic  period,  but  there  is  still  confusion  over  the 
description  of  embryonic  development  in  spiders.  The  developmental  stages  can  be 
summarized  as  follows:  egg  - prclarva  - larva-  nymph  (several  stages)  - adult.  The 
prelarval  and  larval  stages  are  not  self  sufficient  for  food  and  remain  inside  the  egg  sac, 
where  they  rely  on  the  reserved  yolk  for  food.  The  nymphal  stages  resemble  miniature 
adult  spiders.  The  first  nymphal  stage  emerges  from  the  egg  sac  by  tearing  the  silken  sac 
using  their  already  developed  chelicerae,  and  then  they  begin  to  locate  their  prey.  Our 
observation  revealed  that  C.  inclusum.  H.  velox.  and  T.  volulus.  started  to  feed  on  CLM 
larvae  at  their  first  nymphal  stage.  This  is  not  surprising,  since  spiders  in  general,  after 
molting  into  first  nymphal  stage,  are  found  to  be  self-sufficient  (Foelix  1996).  At  this 
stage,  they  have  developed  their  sensory  hairs,  their  legs  are  equipped  with  the  typical 
claws,  the  eyes  have  the  bulging  lenses,  and  mouthparts  are  already  differentiated  for 


CLM  consumption  for  all  the  species  of  the 


spiders  differed  among  the  different  nymphal  stages  and  adult  stage  (Table  4-3). 
Consumption  peak  was  recorded  at  the  third  nymphal  stage  for  all  of  the  species.  This 
stage  is  halfway  to  the  adult  stage,  and  spiders  are  probably  more  voracious  at  this  stage  in 
preparation  to  maturity.  The  intermolt  intervals  are  very  dependent  on  ample  supply  of 
food  for  the  immature  spiders  to  be  able  to  develop  into  adult  stage  (Foelix  1996). 
Chiracanthium  tnclusum  and  T.  volulus  can  complete  their  life  cycle  with  CLM  as  their 
only  food  source  (Table  4-3,  Figures  4-6  to  4-10);  however,  H.  velox  was  unable  to 
complete  its  life  cycle  using  CLM  as  the  only  food  (Table  4.3,  Figure  4-7).  It  could  mean 
that  this  species  of  spider  needs  more  varied  of  food  to  be  able  to  complete  its 
developmental  cycle.  Greenstone  (1979)  and  Uetz  et  al.  (1992)  reported  that  some 
spiders  must  feed  on  a variety  of  insect  prey  species  to  obtain  the  optimum  nutrition  for 
survival.  This  may  hold  true  for  H.  velox.  For  all  of  the  species,  feeding  slowed  down  and 
sometimes  stopped  for  one  or  two  days  before  molting  and  then  feeding  resumed  after 
molting  (Figures  4-6  to  4-10).  This  phenomenon  occurs  naturally  in  all  spiders.  Foelix 
(1996)  stated  that  most  of  the  spiders  that  were  p reparing  to  molt  withdraw  into  their 
retreat  for  several  days  and  stop  feeding. 


Table  4-3.  Percent  CLM  consumption  by  the  different  nymphal  stages  and  adult  stage 
of  the  three  species  of  hunting  spiders. 


The  results  obtained  from  this  study  showed  the  potential  of  the  three  species  of 
hunting  spiders  as  important  mortality  factors  for  CLM. 
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CHAPTERS 

BIOLOGY  OF  THE  THREE  SAC  SPIDERS  ATTACKING  CITRUS  LEAFM1NER 


Introduction 

Sac  spiders  and  other  related  species  have  been  reported  among  the  dominant 
spiders  occurring  on  the  foliage  of  several  plants.  For  instance,  they  are  commonly 
reported  in  arthropod  surveys  of  peanut  (Agnew  & Smith  1989),  grape  (Costello  & Daane 
1995);  mulberry  (Kunimi  1983),  sunflower  (Seiler  et  al.  1987),  com  (Plagens  1986), 
sugarcane  (Brcene  et  al,  1993b),  cotton  (Mysore  & Pritchett  1986),  pine  (Ali  & Hartin 
1988),  apple  (Mansour  et  al  1980a,  Wisniewska  & Prokopy  1993)  and  citrus  (Platnick 
1974,  Muma  1975,  Carroll  1980,  Mansour  et  al  1982,  Brcene  et  al.  1993a).  According  to 
Carroll  (1980),  various  species  of  sac  spiders  contribute  to  control  of  lepidopterous  pests 
as  well  as  miles  and  thrips  in  California  citrus  groves.  Among  the  sac  spiders,  species  of 
the  genera  Chiracanlhtum,  Hibana,  and  Trachelas  are  suspected  to  play  a major  role  in 
the  natural  control  of  a number  of  arthropod  pests.  After  extensive  laboratory  tests, 
Bravo-Mojica  (1975  cited  by  Carroll  1980)  found  Chiraamthium  inclusion  feeding  on 
citrus  thrips.  Chiracanthium  mildie,  a close  relative  of  C.  inclusum  was  common  in 
commercial  apple  orchards  and  suspected  to  be  an  important  predator  of  larvae  and  adults 
of  the  spotted  tentiform  leafmincr,  Phyllonorycler  blancardella  (F.),  (Corrigan  & Bennet 
1987),  and  on  larvae  of  Spodoplera  littoralis  (Boisd.)  (Mansour  1980  a,  1980b),  In 
addition,  Hibana  (=A?slta)  gracilis,  was  believed  to  play  an  important  role  in  lcalhopper 
and  leafminer  control  on  apple  (Wisniewska  & Prokopy  1993).  On  the  other  hand, 
Trachelas  spp.  are  also  frequently  observed  on  citrus  foliage.  Carroll  (1980)  reported  that 
T.  pacificus  wanders  rapidly  at  night  over  the  canopy  of  citrus  trees,  groping  for  slow- 
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Regardless  of  the  known  predation  potential  of  these  group  of  spiders,  knowledge  of  their 
biology  is  still  fragmentary. 

Peck  & Whitcomb  (1970)  provided  a detailed  biological  study  on  Chiracanthium 

species  of  the  hunting  spiders  or  for  any  of  the  species  of  the  families  Clubionidae, 
Corrinidae,  and  Anyphaenidae  and  several  other  major  families  (Carroll  1980). 

The  aim  of  this  study  was  to  examine  the  life  cycle,  development,  rearing  methods, 
habits  and  other  biological  aspects  of  the  three  species  of  sac  spiders,  Chiracanthium 
inclusum,  Hibana  velax,  and  Trache/as  volulus,  in  order  to  better  understand  their  role  as 
natural  enemies  of  arthropod  pests  in  the  lime  orchards. 


Rearing  pn  different  artificiaUntl  natural  diets 
Sources  of  artificial  diets 

The  three  different  artificial  diets  evaluated  for  the  survival  of  H.  velax  were 
soybean  liquid,  milk+yolk  mixture,  and  combination  diets.  The  soybean  liquid  is  a non- 
dairy beverage  (Edcnsoy®,  Publix  Supermarket,  Inc.,  Lakeland,  FL).  The  milk+yolk  diet 
was  a mixture  of 230  ml  of  whole  milk  and  one  fresh  chicken  egg  yolk  blended  to  obtain  a 
homogenized  solution.  The  composition  of  the  combination  diet  consisted  of  230  ml  of 
soybean  beverage  and  230  ml  of  the  milk+yolk  diet  homogenized  in  a blender.  The 
nutritional  compositions  of  the  milk+yolk  soybean  diets  are  provided 


I in  Table  5-1. 
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Table  5-1.  Nutritional  composition  of  milk  + yolk  and  soybean  diets  based  on  the 
manufacturer's  nutritional  analysis  per  100  ml  of  media. 


The  natural  diets  included  in  the  experiment  were  adults  of  fruit  fly.  Drosophila 
mclanogastcr,  and  larvae  of  Phyllocnislis  cilrella  Stainton.  The  fruit  flies  were  mass 
reared  in  the  laboratory  at  25-27°C  and  70-80%  RH.  The  initial  population  of  fruit  flies 
was  obtained  by  exposing  overripe  banana  fruits  enclosed  in  a glass  jar.  The  fruit  fly 
adults  trapped  were  brought  back  to  the  laboratory  for  mass  rearing.  The  artificial  diet 
used  for  rearing  the  ftuit  flies  was  the  banana  medium  described  by  Yoon  (1985)  with 
some  modifications  (see  Appendix  C for  the  detailed  diet  preparation).  Approximately  10 


sterilized  glass  vial  (15 


diameter  x 60  mm  long)  using  a sterilized  beaker.  When  the  medium  was  cool,  a sterilized 
strip  (1cm  x Scm)  of  filter  paper  was  inserted  in  each  vial.  The  mouth  of  the  vial  was  then 
plugged  with  sterilized  cotton  balls.  The  vials  were  stored  for  a day  at  20°C  before  use  or 
stored  at  4°C  until  needed. 

Fruit  flies 

Adult  fiuit  flies  from  the  initial  stock  were  immobilized  by  placing  them  in  a freezer 
(~0°C)  for  30  to  40  seconds.  Immobilized  fruit  flies  were  transferred  in  an  empty  glass  jar 
and  etherized  for  a longer  period  of  immobilization.  Then,  five  males  and  five  females 
wore  transferred  in  each  culture  vial.  The  culture  vials  were  kept  in  an  incubator 
conditioned  at  27  "C  and  80%  RH.  Adults  from  the  succeeding  cultures  were  mass  reared. 
To  avoid  inbreeding,  adult  fruit  flies  from  different  stock  cultures  were  mixed  for  re- 
culturing. 

A one-week-old  fruit  fly  culture  was  utilized  for  spider  rearing.  This  provided 
three  to  four  weeks  of  continous  supply  for  the  spider  in  the  rearing  cage. 

Citrus  leafminer 

Citrus  leafminer  larvae  were  usually  collected  from  an  unsprayed  orchard  or  from 
the  greenhouse  and  kept  in  35cm  x 30cm  x 30cm  plastic  cages  until  adult  emergence. 

Sac  spiders 

Egg  sacs  of  Chiraumthium  inclusum,  Hibarn  veto,  and  Trachelas  voluliis  were 
collected  in  the  field  and  brought  back  to  the  laboratory  and  put  inside  an  incubator  kept 
at  27“C  and  80%  RH  until  spiderling  emergence.  First  instar  spidcrlings  were  used  in  the 
experiment. 


Effect  of  artificial  diets  on  Ihe  survival  of  Hihana  velox 


This  experiment  is  a follow-up  of  the  preliminary  test  conducted  to  compare  the 
efficiency  of  some  artificial  diets  for  spider  rearing  (Appendix  B).  The  different  artificial 
diets  (soybean  liquid,  milk+yolk  mixture,  and  a combination  diet)  included  in  this 
experiment  were  modified  based  on  the  results  gathered  from  the  previous  preliminary 
test.  The  detailed  compositions  of  each  of  these  diets  were  listed  in  Table  5-1 . 

single  first  instar  spiderling  was  placed  in  a laboratory  glass  vial  (15  mm  diameter  x 60 
mm  long  ) (Figure  5-1)  with  one-tipped  stemmed  cotton  swab  saturated  with  the  artificial 
diet  and  sealed  with  cotton.  The  cotton  swab  was  replaced  every  two  days.  The 
experiment  was  replicated  three  times  with  20  spiderlings  included  in  each  replication  tor 
each  artificial  diet  treatment.  Water  served  as  the  control.  All  the  vials  were  kept  in  an 
incubator  set  at  27  °C,  80%  RH  and  a LD  12:12  photoperiod.  Spider  mortality  was 
recorded  every  two  days  for  10  weeks.  Molting  periods  were  recorded  by  checking  the 
presence  of  exuviae  in  each  vial.  The  rate  of  developmental  growth  in  the  different 
artificial  diels  was  compared  using  one  way  analysis  of  variance  (ANOVA). 

Comparison  between  artificial  and  natural  diets  on  survival  of  C.  inclusum.  H.  ve/or.  and 
T.  volutus 

Three  different  containers  were  used  for  artificial  and  natural  rearing  (Figures  5-1, 
5-2,  and  5-3). 

I)  The  spiders  reared  in  the  artificial  diet  were  placed  in  laboratory  glass  vials  (15 
mm  diameter  x 60  mm  long)  (Figure  5-1)  following  the  same  methodology  as  explained  in 
the  preliminary  tests.  The  diet  used  was  the  combination  diet  with  a slight  modification 
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Figure  5-1 . Rearing  set-up  for  the  combination  diet. 


Figure  5-2.  Rearing  set-up  for  the  spiders  using 
larvae  of  CLM. 


Figure  5-3.  Rearing  set-up  for  the  spiders  asing 
adults  of  Drosophila . 


(230  ml  of  soybean 


ml  of  homogenized  whole  milk,  2 


chicken  egg 


yolks,  and  5ml  honey). 

2)  To  rear  the  species  using  1).  mekmogaster  as  a substrate,  newly  emerged 
spiderlings  were  individually  placed  in  a translucent  plastic  container  (70  cm  high  x 70  cm 
long  x 20  cm  wide)  (Figure  5-2)  with  two  circular  openings  ( 2 cm  diameter)  at  the  two 
opposite  sides.  A 30-ml  vial  with  10  ml  of  water  and  plugged  with  cotton  was  inserted 
through  the  first  opening,  while  a glass  vial  containing  a one-week  old  culture  of  D. 
melanogaster  adults  in  banana  medium  was  inserted  through  the  second  circular  opening. 

3)  The  spiders  reared  on  ten  second-instar  larvae  of  /'.  citrella  were  placed  inside  a 
plastic  petri  dish  (10  cm  in  diameter  x 1 cm  high)  lined  with  moistened  filter  paper  (Figure 
5-3).  The  second  instar  larvae  of  CLM  were  collected  in  the  field  or  in  the  greenhouse 
culture  depending  on  the  availabilty  of  the  larvae  on  both  places. 

Thirty  spiders  of  each  species  were  reared  from  egg  to  maturity  in  the  different 
diets.  All  spiders  were  put  in  an  incubator  kept  at  2TC  and  80%  RH.  The  artificial  diet 
and  CLM  larvae  were  replaced  every  2 days  whereas  D.  mekmogaster  cultures  were 
checked  every  two  weeks  and  replaced  as  needed.  The  survival  and  the  developmental  rate 
of  the  three  sac  spiders  reared  in  artificial  and  natural  diets  were  compared  using  DMRT. 

The  life  cycles  of  C.  inclusum.  H.  velox,  and  T.  volutus  were  studied.  In  this 
experiment,  C.  inclusum  and  T.  volutus  were  reared  using  second  instar  larvae  of  CLM, 

rearing  was  done  following  the  methodology  explained  in  the  evaluation  of  artificial  and 
natural  diets  on  the  survival  of  spiders.  Thirty  individuals  for  each  spider  species  were 
included  in  the  experiment. 
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Daily  observations  were  recorded  in  order  to  obtain  a complete  picture  of  molting 
and  other  biological  factors.  Some  adult  male  and  female  spiders  were  kept  in  a single 
container  to  observe  mating,  courtship,  opposition,  and  maternal  care. 


Rearing  on  Different  Artificial  Diets 

Effect  of  artificial  diets  on  the  survival  of  H.  vehx 

The  percent  survival  of  H.  vclox  differed  significantly  between  the  control  (only 
water)  and  the  three  artificial  diets  (Figure  S-4).  Over  a ten-week  rearing  period,  the 
percent  survival  of  the  spiders  raised  on  combination  diet  was  higher  than  on  soybean 
liquid  but  not  significantly  different;  however,  both  diets  had  significantly  higher  percent 
spider  survival  than  on  milk+yolk  diet.  The  control  treatment  using  water  alone  as  diet  had 
the  lowest  percent  spider  survival.  Table  5-2  shows  the  percent  spider  survival  in  each 
week  for  a period  of  ten  weeks.  During  the  1st  and  2nd  week,  percent  spider  survival 
was  not  significantly  different  among  the  different  artificial  diets.  From  week  3 to  week 
10,  the  percent  spider  survival  was  significantly  higher  in  soybean  liquid  and  combination 
diets  compared  to  the  milk+yolk  mixture  diet  except  in  the  7th  week  in  which  percent 
spider  survival  in  soybean  liquid  and  milk+yolk  diets  did  not  significantly  differ  from  each 
other.  All  the  spiders  in  the  control  diet  died  three  weeks  after  treatment. 

Developmental  growth  of  H win r on  different  artificial  dirts 

The  developmental  growth  of  H.  vehx  in  the  different  artificial  diets  was  recorded 
based  on  percent  and  time  of  molting  (Figures  5-5  to  5-7).  The  growth  of  spiders  differed 
in  the  different  artificial  diets.  Only  two  percent  of  the  spiders  raised  on  soybean  liquid 
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milk+yolk  soybean  liquid  combination  control 


Artificial  Diets 


Figure  5-4.  Percent  survival  of  H.  velox  reared  on  different  artificial  diets. 
Bars  with  the  same  letters  are  not  significantly  different 
according  to  DMRT  (P<0.05). 
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Table  5-2.  Percent  survival  of  Hibana  velox  in  10  weeks  on  three  different  artificial 
diets  and  the  control  raised  under  laboratory  conditions  at  27”C  and  80%RH. 


Week  Milk+yolk  Soybean  Combination  Conlrol 


diet  underwent  one  single  molting  during  week  2 of  rearing  (Figure  5-5).  The  peak  of 
molting  was  observed  during  week  9,  but  by  week  10,  all  of  the  spiders  raised  on  this  diet 
died.  More  molting  stages  occurred  on  spiders  raised  on  milk+yolk  mixture  and 
combination  diets  (Figures  5-6  & 5-7).  Spiders  raised  on  milk+yolk  diet  molted  3 times 
(Figure  5-6).  A mean  of  24.4  % of  the  total  spiders  molted  in  week  2 and  the  percent 
molting  increased  as  the  rearing  continued.  The  peak  of  the  percent  molting  for  the  first 
molt  was  in  week  6 in  which  80%  of  the  surviving  spiders  molted.  Almost  50%  of  the 
surviving  spiders  underwent  a 2nd  molting  from  week  4 to  week  10  (Figure  5-6).  Spiders 
raised  on  the  combination  diet  exhibited  the  highest  number  of  molting  stages  (n=5) 
(Figure  5-7).  The  first  molting  started  on  week  2 with  a mean  percent  molting  of  almost 
40%  and  reached  93.3%  by  week  4.  The  second  molting  started  during  week  3 which  was 
a week  earlier  than  on  milk+yolk  mixture  diet;  however,  percent  molting  started  to 
increase  in  week  4 and  the  peak  of  molting  was  recorded  in  week  7.  The  peak  of  the  third 


milk+yolk 


moiling  was  recorded  during  week  10;  however,  very  few  spiders  reared  on 
mixture  diet  underwent  4th  and  5th  molting. 

Results  from  this  experiment  confirmed  our  hypothesis  (Appendix  C)  that  a 
combination  diet  provides  a better  dietary  requirement  for  the  juvenile  stages  of  spiders. 
The  information  gathered  from  this  study  is  relevant  in  formulating  an  artificial  diet  for 
Hibana  velox  and  other  related  species.  Each  component  of  the  combination  diet  has  an 
important  nutrient  for  the  growth  and  survival  of  spiders  under  laboratory  conditions.  For 
instance,  the  soybean  liquid  diet  has  a high  level  of  carbohydrates  as  the  major  energy 
source  for  survival  or  longevity  (Singh  1984).  It  was  also  observed  that  the  presence  of 
soybean  in  the  diet  contributed  to  increased  survival  of  the  spiders  (Figures  5-5  & 5-7). 
The  egg  yolk  has  a high  level  of  cholesterol  which  is  a precursor  of  eedysone  or  the 
molting  hormone  (Foelix  1982)  that  appears  to  accelerate  the  developmental  growth  of 
the  spiders  by  having  more  molting  stages  and  higher  percent  survival  (Figures  5-6  & 5-7). 
This  may  suggest  that  the  combination  diet  provided  a more  complete  dietary  requirement 
for//,  velox  than  the  other  tested  diets. 


Ceinparison  Between  Artificial  Diet  and  Natural  Diet 

The  developmental  growth  and  percent  survival  of  the  three  sac  spiders  raised  on 
artificial  and  natural  diets  are  shown  in  Figures  5-8  to  5-10.  In  the  combination  diet,  the 
three  sac  spiders  were  able  to  develop  into  the  adult  stage  (Figure  5-8).  After  the  6th  and 
7th  moltings  most  of  the  spiders  developed  to  maturity.  In  general,  percent  survival  of  H. 
velox  was  relatively  higher  than  C inclusum  and  T.  volulus  in  all  the  growth  stages.  Some 
related  species  of  sac  spiders  arc  reported  to  be  nectar  feeders  (Taylor  and  Foster  1996). 

nectar  feeders  as  they  were  able  to  survive  and  develop  partially  (//.  velox)  or  completely 
(C.  inclusum  and  T.  volulus ) on  combination  diet. 
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Moreover,  Vogelei  & Greissl  (1989)  showed  that  newly  emerged  Thomis 
Walckenaer  (Araneae:  Thomisidae)  spiderlings,  deprived  of  prey  but  with 


access  to  30%  sucrose  solution,  lived  for  about  four  months. 

Spiders  reared  using  larvae  of  CLM  alone  were  able  to  develop  to  the  adult  stage 
except  for  Hibana  velox  (Figure  5-9).  This  finding  suggests  that  H.  velox  needs  different 
food  sources  to  be  able  to  complete  its  development.  Moreover,  prey  consumption  by  the 
immature  H.  velox  was  relatively  higher  than  C inclusion  and  T volulus . This  observation 
suggests  the  potential  of  these  three  sac  spiders  as  biological  control  agents  of  CLM, 
which  is  one  of  the  major  pest  of  citrus  species.  Evaluation  of  their  efficiency  as  biological 
control  agents  of  CLM  is  presented  in  Chapter  3.  The  three  sac  spiders  reared  on 
Drosophila  were  able  to  develop  to  the  adult  stage  (Figure  5-10). 

This  experiment  demonstrated  the  need  to  improve  artificial  diets  for  a better 
spider  rearing  strategy  under  laboratoiy  conditions.  Moreover,  this  may  open  the 
possibility  of  mass  rearing  the  most  important  species  of  spiders  in  agriculture  for  possible 
augmentation  in  the  field.  It  strongly  suggests  that  different  proportions  of  the  ingredients 
in  combination  diets  must  be  evaluated  for  better  survival  and  reproduction.  It  is  also 
worthwhile  to  investigate  further  the  efficiency  of  combining  the  use  of  artificial  and 
natural  diets  in  spider  rearing. 


in  size  and  shape.  The  egg  mass  of  C.  inclusion  is  generally  an  oblate  spheroid  (Figure  5- 
11).  Individual  eggs  are  spherical,  non-agglutinate  and  their  size  (5.0  ± 1. 0mm)  depends 
on  the  number  of  eggs  produced.  The  eggs  are  pale  yellow,  with  a translucent,  frosty 
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appearance  and  are  clearly  visible  through  the  silken  covering  sheath.  The  thin,  finely  spun 
egg  sac  in  which  they  are  contained  is  suspended  within  a much  more  tightly  woven  brood 
cell  in  which  the  female  encloses  herself  with  the  egg  mass. 

In  H.  velox,  the  egg  mass  is  fiat  oblong  (Figure  5-12)  with  an  average  size  of  8.0± 
1.2  mm.  The  eggs  are  creamy  in  color  and  spherical.  The  egg  mass  is  laid  inside  the 
retreat  or  egg  nest,  where  the  female  encloses  herself.  The  egg  mass  of  T volulus  is 
contained  inside  a circular  papery  cocoon  fastened  on  a flattened  surface  (Figure  5-13).  In 
the  field,  the  egg  cocoon  is  usually  located  on  the  surface  of  leaves,  branches,  trunks,  and 
fiuits.  The  female  stays  on  top  of  the  cocoon  to  guard  the  egg  mass.  The  egg  mass  has  an 
average  size  of  4.5±  0.9  mm.  The  egg  is  round  and  pale  yellow  in  color. 

appendages,  become  imprinted  upon  the  chorion.  This  took  10±  2.1  days  for  C.  inclusum 
(Figure  5-14),  12±1.2  days  for  H.  velox  (Figure  S-I5),  and  15±2.3  days  for  T.  volulus 
(Figure  5-16).  For  all  the  species,  the  first  postembryo  emerged  after  24  hours.  The  first 
postembryo  is  immobile,  its  appendages  appressed  to  the  body  and  still  sorrounded  by  the 
very  thin,  transparent  vitelline  membrane.  Within  two  days  after  the  chorion  is  cast,  the 
membrane  recedes  all  of  the  appendages  of  the  embryo  and  by  the  time  the  vitelline 
membrane  has  been  shed  completely,  the  second  postembryo  begins  to  struggle 
effectively,  Within  half  an  hour  after  emergence,  the  second  postembryo  walks  around 
the  brood  cell.  The  second  postembryo,  barely  mobile  at  first,  almost  invariably  climbs  to 
the  inside  of  the  top  of  the  brood  cell  where  it  clings  and  moves  slowly  for  the  seven  days 
that  it  remains  in  this  stage  of  development.  The  newly  emerged,  active  second 
postembryo  of  C.  inclusum  and  H.  velox  are  pale  yellow  and  devoid  of  markings  and  other 
pigmentation  whereas  the  second  postembryo  of  T.  volulus  is  light  gray  and  also  devoid 
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Figure  5-14.  Complete  developmental  cycle  Chiraumlhium  inclusion 
reared  under  laboratory  conditions. 
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Figure  5-15.  Complete  developn 


cle  of  Hibaiia  velor  reared 
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Figure  5-16.  Complete  developmental  cycle  of  Trachelas  mlulus 
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cuticle.  For  all  species,  the  postembryonic  stage  lasted  from  7 to  10  days  (Figures  5-14  to 
5-16).  The  first  molt  occurs  about  24  hours  after  the  pigmentation  is  evident.  This  is  the 
1st  instar  spiderling. 

Ecdvsis 

About  two  days  before  molting  the  spidcrlings  of  the  three  sac  spider  species 
become  less  active  and  reject  food,  even  though  they  are  capable  of  normal  movement  and 
will  attack  and  kill  any  prey  that  disturbs  them.  At  this  period  the  spider  is  normally 
enclosed  in  a resting  cell  cocoon.  A successful  molt  takes  place  at  about  15  to  20  minutes. 
If  something  goes  amiss  during  the  process,  the  spider  may  struggle  for  1 hour  or  more, 
and  sometimes  the  struggle  ends  with  death. 

Number  of  molls  and  duration  .of.devclppment 

ChiracmMum  indusum  was  found  to  mature  after  the  7th  molt  for  both  males 
and  females  (Figure  5-14).  For  H.  velox,  female  and  males  mature  after  the  7th  molt  and 
after  the  6th  molt,  respectively  (Figure  5-15).  In  T.  volulus,  the  female  matures  at  any 
instar  after  the  6th  molt  and  the  male  matures  after  the  7th  molt  (Figure  5-16).  The 

(Figures  5-14  to  5-16).  Male  C.  indusum  underwent  7-8  instars  for  a mean  period  of 
98.1  days  whereas  the  females  underwent  7-9  instars  for  a mean  period  of  101.6  days.  It 
takes  an  aveage  of  21.5  days  for  females  and  12.5  days  for  males  to  develop  to  full 
maturity  after  molting  to  last  immature  instar.  For  H.  vdox,  the  female  underwent  7-12 
instars  for  an  average  period  of  171.0  days  and  and  the  male  underwent  6-9  instars  for  an 
average  period  of  130.9  days.  It  takes  an  average  of  3 1.2  days  and  14.5  days  for  a female 
and  male,  respectively,  to  reach  full  maturity  after  the  last  immature  instar  molting.  In  T. 
volulus,  the  female  underwent  6-9  instars  for  an  average  period  of  1 1 1.0  days,  and  the 
male  underwent  7-8  instars  for  an  average  period  of  106.0  days.  The  female  reaches  lull 


age  of  6.0 


for  the  male  after  the  last 


maturity  at  an  average  of  8.3  days  and  an  avera 
immature  instar  molting.  The  spiderling  reaches  the  point  of  its  1st  true  molt  17  to  20 
days  after  opposition  for  C.  Inclusum,  19  to  22  days  for  H.  velox,  and  22-25  days  for  71 
volutus . All  subsequent  instars  had  a wide  duration,  even  for  individuals  of  the  same 
parentage  and  reared  under  the  same  conditions.  Table  5-3  shows  the  life  histories  of  the 
three  sac  spider  species.  Under  standard  laboratory  conditions,  adult  females  of  C. 
inclusum  lived  an  average  of  95  days;  adult  males,  on  the  other  hand,  lived  an  average  of 
58  days.  The  total  life  span  was  an  average  of  214.6  days  and  177,1  days  for  females  and 
males,  respectively.  Adult  females  of  H.  velox  lived  for  an  average  of  121  days  and  for  an 
average  of  90  days  for  males.  The  total  life  span  averaged  3 1 1 days  for  females  and  239.9 
days  for  males.  On  the  other  hand,  T.  volutus  females  lived  for  an  average  of  120  days 
and  the  males  lived  an  average  of  82  days.  The  total  life  span  was  an  average  of  253  days 
and  212.3  days  for  females  and  males,  respectively. 


of  Peck  and  Whitcomb  (1970)  regarding  the  distinctly  different  construction  of  the  brood 
cell  and  the  egg  sac.  The  female  a 


and  male  pair  spend  much  of  their  tin 


no 

In  nature,  both  kinds  of  cells  are  constructed  in  protected  places  such  as  curled  leaves,  or 

almost  any  comer  of  the  spider's  container.  The  resting  cell  is  cylindrical,  5 mm  in 
diameter  and  20-25  mm  in  length.  The  cell  may  be  open  on  a side  or  on  the  2 sides  or 
completely  enclosed  and  woven  more  delicately.  The  egg  sac  is  larger  and  more  spherical 
than  the  resting  cell;  it  is  woven  more  tightly  and  densely  and  is  always  scaled  off 
completely  from  the  outside  environment.  A female  remains  in  close  contact  with  the  eggs 
for  the  entire  period,  moving  around  them  periodically  and  touching  them  with  her  palpi. 
Later  on,  the  female  continues  to  care  for  the  1st  instar  spiderlings.  The  behavior  of  the 
other  two  species,  H.  velox  and  71  volutus  was  similar  to  that  of  C inclusum  in  terms  of 
maternal  care.  Moreover,  the  spiderlings  of  these  three  sac  spider  species  depend  on  their 
mothers,  who  tear  the  fab  he  of  the  brood  cell  so  that  the  spiderlings  can  emerge  from  the 
egg  sac. 

Females  that  matured  and  were  fertilized  in  captivity  produced  1-3  egg  masses. 
The  oviposition  took  place  2-7  days  after  mating  for  all  of  the  species  (Figures  5-14  to  5- 
16).  The  number  of  egg  masses  was  directly  proportional  to  the  life  span  of  the  female. 
The  number  of  eggs  per  egg  mass  of  C.  inclusum  reared  in  the  laboratory  varied  from  36 
to  86  with  an  average  of  57  eggs.  Edwards  (1958)  reported  1 12  eggs  in  a single  egg  mass 
and  Peck  & Whitcomb  (1970)  reported  a range  of  17-86  eggs  per  egg  mass.  The  number 
of  eggs  laid  by  female  H.  vel'ox  ranges  from  96  to  120  with  an  average  of  1 10  eggs. 
Trachelas  volutus  produced  47  to  66  per  egg  mass  with  an  average  of  56  eggs. 

Feeding  behavior 

For  all  the  species,  the  first  true  molt  spiderlings  or  the  second  instar  spiderlings 
actively  feed  on  CLM  larvae.  This  suggests  a potentially  high  number  of  spiders  that  can 
attack  CLM  in  the  field. 


CHAPTER  6 

SELECTIVE  TOXICITY  OF  SOME  PESTICIDES  TO  HIBANA  VELOX, 
A PREDATOR  OF  CITRUS  LEAFMINER 


Introduction 

Various  species  of  spiders  arc  found  commonly  inhabiting  lime  orchards  in  south 
Florida.  A preliminary  survey  revealed  that  three  species  of  hunting  spiders,  namely 
Chiracanthium  indusum  Hcntz,  Hibtma  velox  (Becker),  and  Trachelas  volulus  (Gertsch) 
and  one  species  of  jumping  spider,  Henlzia  palmarum  (Hcntz),  feed  on  the  larvae  and 
prepupac  of  [Chapter  3 and  Chapter  4].  In  addition  to  the  vast  range  of  insecticides  used 
for  CLM  control  (Beattie  ct  al.  1995,  Heppner  1993),  citrus  trees,  particularly  in  nurseries, 
are  regularly  treated  with  pesticides  to  protect  them  from  other  arthropod  pests  and 
diseases  (Villanueva-Jimenez  & Hoy  1997,  Knapp  1996).  This  threatens  the  survival  and 
sustainability  of  the  native  and  introduced  natural  enemies  (Browning  1994,  Pciia  & 
Duncan  1993,  Villanueva-Jimenez  1998). 

The  use  of  selective  pesticides  is  a major  consideration  for  developing  an 
integrated  control  program.  Employing  pesticides  that  are  relatively  harmless  to  spiders 
and  other  predatory  arthropods  could  increase  the  effectiveness  of  natural  predation  and 


thereby,  reduce  the  population  of  injurious  insects  in  lime  ore 
In  this  study,  we  tested  under  laboratory  conditic 
hunting  spider,  Hibana  velox 


jsceptibility  of  the 


(Araneae:  Anyphaenidae), 


Toxicity  tests  of  14  pesticides  recommended  for  citrus  (Knapp,  1996)  were 
conducted  in  the  laboratory  on  spiderlings  of  H.  velox.  Table  6-1  shows  the  target  insect 
pests  and  diseases  of  the  selected  14  pesticides.  Test  organisms  were  obtained  by 
collecting  egg  sacs  of  H.  velox  in  the  field.  The  egg  sacs  were  transported  to  the 
laboratory  for  spidcrling  emergence.  Two-week-old  spiderlings  were  utilized  in  the  tests 
since  at  this  developmental  stage  they  start  to  feed  on  CLM  larvae.  Two  methods  were 
developed  for  the  bioassay:  surface  coating  and  dipping.  The  selective  efficiency  of  these 

Table  6-1.  Pesticides  tested  for  the  laboratory  bioassay  and  the  pests  where  they  are 
recommended  to  control  (Knapp,  1996). 


greasy  spot,  sooty  ma 


Surface  coaling  (Figure  6-1)  was  done  by  exposing  the  spiders  to  surface  coaled 
glass  vials  (15mm  diameter  x 60  mm  long)  with  pesticide  solution.  Each  vial  was  coated 
with  pesticides  by  dispensing  80pl  of  the  pesticide  solution.  The  vials  were  rolled 
manually  until  the  whole  surface  was  coated  with  the  solution  and  kept  for  an  hour  or  until 
they  were  completely  dry.  The  spiders  were  placed  individually  in  the  surface  coated  vials. 
Each  spider  was  provided  with  the  artificial  combination  diet  following  the  procedure  in 
evaluating  the  different  artificial  diet  on  the  survival  of  H.  velox  described  in  chapter  5. 

Three  concentrations  of  each  pesticides  were  tested,  i.e.  simulated  field  rate  (SFR), 
twice  SFR,  and  half  SFR.  The  different  concentrations  were  prepared  using  deionized 
water  for  all  the  pesticides  except  for  the  technical  grade  of  avermectin  and  imidacloprid- 

method  was  conducted  for  nine  pesticides,  i.e.  avermectin,  azinphos-methyl,  carbaryl, 
chlorpyrifos,  dicofol,  ethion,  imidacloprid-Admire,  imidacloprid-Provado,  and  copper 


Dipping  was  done  by  cutting  lime  leaves  into  25  mm  diameter  circles.  The  leaf 
circles  were  dipped  separately  for  approximately  30  seconds  in  different  concentrations  of 
five  pesticides,  i.e.,  azadirachtin.  Bacillus  Ihuringlensls,  diflubenzuron,  avermectin  + 
petroleum  oil,  and  oil  alone.  After  dipping,  the  leaves  were  air-dried  for  approximately  2 h 
or  until  diy  and  placed  singly  on  the  bottom  of  a 30-hole  (25  x 30  mm)  cup  tray  (Figure  6- 
2).  A single  spiderling  was  added  to  each  arena  and  fed  with  the  artificial  combination  diet 
provided  in  a cotton  swab.  The  cup  holes  were  covered  with  a plastic  lid.  For  both 
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ten  individual  spiders  were  tested  for  each  concentration.  The  control  was  deionized 
water  for  all  pesticides  except  for  avermectin  and  imidacloprid-Admire  in  which  acetone 
was  used  as  control.  The  arenas  were  placed  in  the  incubator  conditioned  at  27  "C  and 
80%  RH  The  tests  were  done  in  three  replications.  The  spiders  were  held  in  the  treated 
substrates  for  72  h and  their  survival  was  compared  with  the  control  from  day  1 to  day  3 
afler  treatment.  LD»  values  were  estimated  by  Probit  Analysis  using  POLO  program 
(Russell  et  al.  1977).  When  mortality  was  low  at  all  concentrations  tested,  the  LDso  value 
was  not  estimated,  the  percent  mortality  was  compared  among  the  different 


ReaiilS-andJiscussion 

A wide  range  of  toxicity  was  exhibited  by  the  different  pesticides  included  in  the 
bioassay  tests.  Among  the  nine  pesticides  tested  using  the  surface  coating  method, 
imidacloprid-Admire,  a chlorinated  derivative  of  nicotine  drench  formulation  and  tri  basic, 
a fungicide,  showed  low  percent  spider  mortality  (10-30%),  producing  the  lowest 
mortality  even  at  the  highest  concentration  (twice  of  SFR)  (Figure  6-3).  This  suggests  that 
both  pesticides  have  low  or  no  acute  impact  on  H.  veto.  Avermectin,  a soil  actinomycete- 
produced  compound  and  imidadoprid-Provado,  a chlorinated  derivative  of  nicotine  spray 
formulation  had  moderate  toxicity  on  H.  velox.  Both  showed  more  than  50%  mortality  at 
the  highest  concentration  and  about  35%  using  SFR  (Figure  6-3).  The  estimated  LD10 
values  were  14.68  and  0.21,  respectively  (Table  6-2),  The  organophosphates  (azinphos- 
methyl,  chlorpyrifos,  and  ethion),  the  carbamate,  carbaryl,  and  the  organochlorine,  dicofol, 
were  all  highly  toxic  causing  100%  spider  mortality  even  at  the  lowest  concentration  (half 
of  SFR)  (Figure  6-4).  The  estimated  LD»  value  was  0.002  for  all  of  these  broad- 
spectrum  insecticides  (Table  6-2).  In  the  dipping  method,  oil  alone  exhibited  a low 
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Concentration  (x  SFR) 


Figure  6-3.  Percent  mortality  of  spiders  exposed  to  three  different 
concentrations  of  Avermectin,  Imidacloprid-Provado, 
Imidacioprid-Admire,  and  Copper-Tri  Basic. 
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Figure  6-4.  Percent  mortality  of  spiders  exposed  to  three  different 
concentrations  of  five  broad-spectrum  insecticides. 


Tabic  6-2  LD50  values  of  pcsticid 


avcrmcctin  10  (g/ml) 

a/inphos-mclhyl  2.5  (l/ml) 

dicofoi  3.0  (l/ml) 

imidacIoprid-Provado  0.27  (l/ml) 


14,68  (8.79-30.2) 
0.002  (0.0-0.0) 
0.002  (0.041.0) 
0.002(0.041.0) 
0.002(0.0-0.0) 
0.002(0,00.0) 
0.21  (0.010.33) 


toxicity  on  H.  velox.  Only  15%  mortality  was  recorded  from  the  highest  concentration, 
5%  from  the  simulated  field  rate,  and  0%  from  the  lowest  concentration  (Figure  6-4); 
however,  oil  + avermcctin,  caused  moderate  toxicity.  This  clearly  shows  that  avermectin 
has  a moderate  effect  and  this  has  been  indicated  using  avermectin  alone  (Figure  6-3). 

(insecticidal  bacterium),  and  diflubenzuron  (insect  growth  regulators)  showed  high 
selectivity  to  H velox.  Less  than  30%  mortality  was  recorded  al  the  highest  concentration 
for  all  of  these  products  (Figure  6-5). 

Other  laboratory  studies  showed  that  the  broad-spectrum  insecticides  such  as 
organophosphates,  carbamates  and  organochlorincs  have  significant  lethal  effects  on 
spiders  in  general.  For  instance,  in  Israel,  laboratory  residue  studies  using  grapefruit 
leaves  as  the  substrate  showed  that  organophosphate  (chlorpyrifos)  was  highly  toxic  to 
Chiracanthium  mildei  a hunting  spider  known  to  occur  abundantly  in  citrus  orchards 
whereas  the  natural  insecticides,  i.e.  Bacillus  thuringiemis  and  ncem  extracts,  were 
virtually  non-toxic  to  spiders.  Saxena  et  al.  (1984)  found  that  topical  application  of  50pg 
of  a neem  seed  kernel  extract  did  not  affect  the  spider,  Lycasa  pseudoamiulata,  a major 
predator  of  brown  planlhopper  in  Southeast  Asia. 
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Concentration  (x  SFR) 

Figure  6-5.  Percent  mortality  of  spiders  exposed  to  three  different 
concentrations  of  naturally  derived  pesticides. 
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On  the  other  hand,  fungicides  have  been  shown  to  have  little  or  no  toxicity  for  spiders 
(Stark  et  al.  1995).  Thus,  our  result  on  the  toxicity  tests  of  these  different  groups  of 
pesticides  on  H.  velox  are  comparable  to  findings  of  previous  laboratoiy  bioassays 

Some  of  the  pesticides  tested  in  this  study  were  also  included  in  the  toxicity  tests 
on  adults  of  Ageniaspis  citricola,  an  introduced  parasitoid  against  CLM  (Villanucva- 
Jimoncz  1998).  The  naturally  derived  products  i.e.  ncem,  azadirachtin,  and  the  insect 
growth  regulator,  micromitc,  which  we  found  having  no  impact  on  //.  velox,  was  also 
found  selective  for  A.  citricola. 

The  impact  of  imidadoprid  on  H.  velox  and  A.  citricola  also  showed  a similar 
trend.  Imidacloprid-provado  applied  to  foliage  was  non-selective,  while  imidacloprid- 
admire  used  as  drench  was  selective  to  both  A.  citriricola  and  H.  velox,  Ethion,  a broad- 
spectrum  organophosphate,  was  non-selective  for  both  H.  velox  and  <4.  citricola. 
Avermectin  was  moderately  selective  for  A.  citricola  and  H.  velox.  Petroleum  oil  was  the 
safest  pesticide  for  spiders.  It  was  also  most  selective  for  A.  citricola  (Villanueva-Iimenez 
1998).  Petroleum  oil,  which  is  traditionally  used  as  suffocant,  seems  to  be  ideal  as  a 
component  for  a pest  management  program  for  CLM  on  limes.  Petroleum  oil  has  a short 
residual  activity  on  natural  enemies  (Beattie  & Smith  1993,  Erkilic  & Uygun  1997,  Beattie 
et  al.  1995),  and  is  cost-effective  (Beattie  1992,  Beattie  et  al.  1995) 

The  similarity  of  these  results  with  other  studies  on  other  predatory  species  and 
parasitoids  and  those  obtained  from  these  tests  indicate  that  the  impact  of  pesticides  on  the 
existing  pest/natural  enemy  complex  must  be  taken  into  consideration. 


CHAPTER  7 

DISSERTATION  SYNOPSIS 
SHIMMnr.PfRffllltt 

Surverv  of  Spiders  Occurring  in  Lime  Orchards 

A preliminary  survey  of  predatory  arthropods  in  lime  orchards  at  Homestead, 
Florida  showed  that  spiders  significantly  outnumbered  the  other  predatory  arthropods,  i.e. 
green  lacewing  ( Chrysoperla  rufilabris),  coccinellid  ( Harmonia  sp.),  and  ant 
( Myrmelachisla  sp.).  The  spider  community  consisted  of  9 families,  24  genera,  and  16 
identifiable  species,  which  were  further  grouped  into  three  guilds:  web-builders,  hunters, 
and  ambushers.  Three  families  represented  the  web-builders  (i.e.  Araneidae, 
Tetragnathidae  and  Thcridiidae),  five  families  represented  the  hunters  (i.e.  Anyphaenidae, 
Clubionidae,  Corrinnidae,  Lycosidae,  and  Salticidae)  and  one  family  represented  the 
ambushers  (i.e.  Thomisidac).  Among  the  web  builders,  Theridion  sp.  was  the  most 

three  species  of  sac  spiders  (i.e  Chiraccmthium  inclusum,  Htbana  velox  and  Trachetas 
volulus)  and  one  species  of  jumping  spider  (i.e.  Henlzia  palmarum). 

Comparison  of  three  sampling  methods  revealed  that  the  visual  sampling  method 
provided  the  highest  number  of  spiders  collected  followed  by  the  shake-cloth  method  and 
the  DVAC  suction  method  collected  the  least.  The  sampling  method  had  a significant 
effect  on  mean  density  of  every  spider  species  grouped  into  two  major  guilds.  There  were 
more  hunting  spiders  collected  using  the  visual  and  shake-cloth  methods  than  using  the 
DVAC;  whereas,  more  web  building  spiders  were  collected  using  the  DVAC  except  for 
the  Theridion  sp.,  which  was  more  frequently  found  using  the  visual  and  shake-cloth 
methods. 
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Survey  of  predatory  arthropods  in  sprayed  and  nonsprayed  lime  orchards  showed 
that  the  number  of  predatoiy  arthropods  was  significantly  higher  in  the  nonsprayed 
orchards  than  in  the  sprayed  ones.  Among  the  spiders,  numbers  of  hunting  spiders  were 
significantly  higher  on  nonsprayed  than  on  sprayed  orchards;  for  web  building  spiders, 
there  was  no  significant  difference  in  the  spider  abundance  between  the  sprayed  and 
nonsprayed  orchards. 

Predation  by  the  Three  Species  of  Sac  Spiders 

Feeding  tests  on  14  commonly  encountered  spider  species  in  lime  orchards 
confirmed  that  four  species  of  hunting  spiders  (3  species  of  sac  spiders,  C.  inclusion,  H. 
velox  and  T.  volulus  and  a jumping  spider,  Hentzia  palmanim)  fed  on  CLM  larvae  and  in 
some  cases  prepupae.  To  further  test  the  predation  potential  of  these  spiders,  feeding 
efficiency  tests  on  the  three  sac  spider  species  were  conducted  in  the  laboratory, 
greenhouse,  and  field  conditions.  Results  of  the  laboratory  feeding  efficiency  tests  showed 
that  the  predation  rate  of  the  three  species  of  sac  spiders  can  be  ranked  as  follows.-  H. 

greenhouse  conditions  is  similar  to  the  result  obtained  from  the  laboratory  efficiency  test. 
Since  H.  velox  was  found  to  be  a more  efficient  predator  compared  to  C.  inclusion  and  T. 
volulus  under  the  laboratory  and  greenhouse  conditions,  its  predation  potential  was  further 
tested  under  field  conditions.  The  results  of  the  field  cage  experiments  indicated  that  as 
the  density  of  the  prey  increases,  the  number  of  prey  consumed  by  H.  velox  also  increases 
suggesting  a sigmoid  functional  response  curve.  In  addition,  significantly  more  CLM 
larvae  were  consumed  when  two  to  three  spiders  were  placed  in  each  cage. 

Gut  content  analysis  using  polyacrylamide  gel  electrophoresis  (PAGE)  was  done 
on  the  three  sac  spider  species.  Results  from  the  electrophoresis  showed  that  H.  velox 
that  fed  on  the  artificial  medium  gave  one  esterase  band,  which  is  different  from  the  CLM 
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esterase;  whereas,  no  esterase  was  obtained  from  the  C inclusion  and  T.  volulus  fed  with 
artificial  medium.  The  esterase  obtained  on  C inclusum  and  H.  velox  fed  with  CLM 
larvae  in  the  laboratory  seems  to  be  similar  to  the  CLM  esterase.  No  esterase  activity  was 
obtained  from  T volulus  that  fed  on  CLM  larvae. 

Prsdatoiy  Behavior  gf  iheJhree  Species  of  Sac  Spiders 

Observation  of  spider  activities  during  photophase  and  scotophase  confirmed  that 
C.  inclusum,  H.  velox,  and  T.  volulus  are  all  nocturnal.  They  can  detect  their  prey  through 
vibration  of  the  substrate  where  the  prey  is  concealed.  Movement  of  the  CLM  larvae  and 
prepupae  probably  creates  the  vibration  of  the  leaf  substrate,  which  could  then  serve  as  the 

sequence  for  these  three  species  of  spiders  followed  a similar  pattern.  During  the 
searching  period,  the  spiders  moved  around  and  then  Stopped  for  a while  to  locate  the 
source  of  the  vibration.  Once  the  spider  touched  the  prey  with  its  legs,  the  spider  turned 
rapidly  toward  the  prey  and  started  to  grasp  the  prey.  Two  methods  of  prey  attack  were 
exhibited  by  the  three  species  of  sac  spiders.  In  one  case,  the  spider  punctured  the  mine, 
immobilizing  the  larva  followed  by  biting  and  sucking  the  larval  body  fluid.  In  the  second 
behavioral  pattern,  the  spider  made  a slit  on  the  mine,  then  pulled  the  larva  or  prepupa  out 
of  the  mine  using  the  forelegs,  then  held  the  prey  securely  followed  by  biting  and  sucking 
of  the  larval  body  fluid. 

The  three  species  of  sac  spiders  started  to  feed  on  CLM  larvae  during  their  first 
nymphal  stage.  Consumption  increased  as  they  developed  to  later  nymphal  stages. 
Consumption  peak  was  recorded  at  the  third  nymphal  stage  for  all  the  species.  This  stage 

preparation  to  maturity.  Chiracanlhium  inclusum  and  T.  volulus  can  complete  their  life 
cycle  with  CLM  as  the  only  food;  whereas,  //.  velox  was  not  able  to  develop  to  the  adult 
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stage.  It  could  mean  that  this  species  of  spiders  needs  more  varied  food  to  be  able  to 
complete  its  developmental  cycle. 

Biology  of  the  Three  Sac  Spiders 

Rearing  of  spiders  under  laboratory  conditions  using  different  diets  was  done  to 
study  the  detailed  biology  of  the  three  species  of  sac  spiders.  The  effect  of  artificial  diets, 
i.e.  milk+yolk,  soybean  liquid  and  combination  diets  was  evaluated  on  the  survival  and 
development  of  H.  velox.  Results  showed  that  over  a 10-week  rearing  period,  the  percent 
survival  of  the  spiders  raised  on  soybean  liquid  diet  and  combination  diets  were  not 
significantly  different;  however,  spider  survival  on  milk+yolk  diet  was  significantly  lower 
compared  to  the  other  two  artificial  diets.  The  growth  of  the  spiders  differed  in  the 
different  artificial  diets.  More  molting  stages  occurred  on  spiders  raised  on  milk+yolk  and 
combination  diets  compared  to  soybean  liquid  diet.  Spiders  raised  on  the  combination  diet 
exhibited  the  highest  number  of  molting  stages  suggesting  that  combination  diet  provide  a 
better  dietary  requirement  especially  for  the  juvenile  stages  of  the  spiders. 

The  developmental  growth  and  percent  survival  of  the  three  sac  spiders  on 
artificial  diet  (i.e  combination  diet)  and  natural  diets  (i.e.  CLM  larvae  and  Drosophila 
adults)  were  compared.  In  the  combination  diet,  the  three  sac  spiders  were  able  to 
develop  into  the  adult  stage.  Similarly,  the  three  sac  spiders  reared  on  Drosophila  adults 
were  able  to  develop  to  the  adult  stage;  whereas,  only  C.  inclusum  and  71  volulus  reared 
in  CLM  larvae  were  able  to  develop  to  the  adult  stage.  Hibana  velox  died  after  the  7th 

CLM  larvae  (C.  inclusum  and  T.  volulus ) and  on  combination  diet  (H.  velox)  under 
controlled  laboratory  conditions.  Chiracanlh/um  inclusum  was  found  to  mature  after  the 
molt  for  both  males  and  females.  Male  underwent  7-8  instars  for  a mean  period  98.1 
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days  and  the  females  underwent  7-9  instars  for  a mean  period  of  101.6  days.  The  total  life 
span  was  an  average  of  214.6  days  and  177.1  days  for  females  and  males,  respectively. 
Hibana  velox  females  and  males  matured  after  the  7th  molt  and  after  the  6th  molt, 
respectively.  Females  underwent  7-12  instars  for  an  average  period  of  171  days  and  the 
males  underwent  6-9  instars  for  an  average  period  of  130.9  days.  The  total  life  span 
averaged  311  days  for  females  and  239.9  days  for  males.  Traehelas  volutus  females 
matured  after  the  6th  molt  and  the  males  after  the  7th  molt.  Female  underwent  6-9  instars 
for  an  average  period  of  1 1 1 .0  days  and  the  male  underwent  7-8  instars  for  an  average 
period  of  106.0  days.  The  total  life  span  was  an  average  of  253  days  for  females  and 
212.3  days  for  males.  For  all  the  species,  females  that  matured  and  were  fertilized  in 
captivity  produced  1-3  egg  masses.  The  opposition  took  place  2-7  days  after  mating. 
• Chiracmilhium  indusum  had  an  average  of  57  eggs  per  egg  mass;  whereas,  H.  velox  and 
T.  volutus  had  an  average  of  1 10  and  56  eggs  per  egg  mass,  respectively. 

Selective  Toxicity  of  Some  Pesticides  to  H,  velox 

Fourteen  different  pesticides  commonly  used  in  lime  orchards  were  included  in  the 

azinphosmethyl,  carbaryl,  chlorpyrifos,  dicofol,  ethion,  imidacloprid-admire.  imidacloprid- 

azadirachtin.  Bacillus  thuringiemis,  diflubenzuron,  combination  of  petroleum  oil  and 
avermectm,  and  petroleum  oil  alone)  were  tested  using  a dipping  method.  Among  the  nine 
pesticides  tested  using  the  surface  coating  method,  the  five  broad-spectrum  insecticides 
were  all  highly  toxic  to  H.  velox  causing  100%  mortality  even  at  the  lowest  concentration. 
Avermectin  and  imidacloprid-provado  had  moderate  toxicity;  whereas,  imidacloprid- 
admire  and  copper  fungicide  caused  the  lowest  percent  mortality  (10-30%)  even  at  the 
highest  concentration.  In  the  dipping  method,  petroleum  oil  exhibited  a low  toxicity  on  H. 
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velox,  15%  mortality  from  the  highest  concentration,  6ve  percent  from  the  simulated  field 
rate  (SFR),  and  0%  from  the  lowest  concentration.  However,  combining  petroleum  oil 
with  Avermectin,  a synergistic  effect  elevated  the  toxicity  to  moderate.  The  naturally 
derived  products,  i.e.  azadirachtin  (neem  extracts).  Bacillus  Ihurmgiensis  (insecticidal 


Less  than  30%  mortality  was  recorded  at  the  highest  concentration  for  all  these  products, 


In  this  research,  significant  findings  were  obtained  on  the  existence  of  a rich 
community  of  predatory  arthropods  (i.e.  green  lacewings,  coccinellids,  ants,  and  various 
species  of  spiders)  in  lime  orchards  at  Homestead,  Florida.  A study  comparing  the 
different  methods  in  sampling  predatory  arthropods  provided  usetul  data  in  selecting  an 
efficient  method  to  sample  the  different  groups  of  predatory  arthropods.  The  data 
gathered  in  sampling  the  predatory  arthropods  in  sprayed  and  nonsprayed  lime  orchards 
confirmed  the  probable  nontarget  effect  of  the  different  pesticides  used  in  the  orchards. 
The  direct  effect  of  some  of  these  pesticides  on  spiders  was  verified  in  laboratory 
bioassays.  Studies  on  predation  assessment,  predatory  behavior,  and  detailed  biology  of 
the  hunting  sac  spiders  provided  useful  data  to  better  understand  the  role  of  these  spiders 
in  the  overall  management  of  CLM. 

The  diversity  of  the  predatory  spiders  in  lime  orchards  could  help  in  regulating  the 
increase  of  arthropod  pest  populations;  however,  most  of  these  useful  spiders  are  still 
unknown  to  most  farmers  and  pest  managers.  To  help  accomplish  this  identification 
objective,  we  developed  an  identification  key  to  16  predatoiy  spiders  of  lime  in 
Homestead,  Florida.  Also,  included  in  the  identification  key  are  photographs  of  the  most 
commonly  encountered  species  in  the  orchards. 
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After  identifying  the  spider  species,  estimating  of  the  abundance  of  each  of  these 
spider  species  is  the  next  step  to  accomplish.  This  will  help  in  measuring  the  impact  of 
predation  on  prey  population.  There  are  two  ways  to  measure  abundance:  absolute 
density  (number  of  organisms  per  unit  area  or  volume)  and  relative  density  (density  of  one 
population  relative  to  another  population).  According  to  Krebs  (1989),  relative  density 
may  be  adequate  for  many  ecological  problems  and  it  should  always  be  used  when 
adequate  because  it  is  much  easier  and  cheaper  to  determine  than  absolute  density.  In  the 
sampling  experiments  included  in  this  study,  the  abundance  was  measured  using  relative 
density. 

Comparison  of  the  sampling  methods  indicated  that  the  choice  of  sampling  method 
depends  on  the  species  of  interest.  For  instance,  spider  species  in  the  hunting  group  were 
collected  frequently  using  the  visual  method  followed  by  the  shake-cloth  method;  whereas, 
most  of  the  species  in  the  web-building  group  were  collected  by  the  three  sampling 
methods  with  similar  frequencies.  The  difference  in  the  efficiency  of  the  sampling  methods 
may  be  explained  by  the  retreating  habits  of  the  different  spider  species.  For  instance,  the 
hunters  (i.e.  C.  inclusum , H.  velox  and  T.  volulus)  retreat  in  such  a concealed  manner  such 
that  shaking  and  suctioning  will  not  dislodge  them  from  the  retreat  nest.  However,  this 
retreat  nest  is  easily  noticeable  by  visual  examination.  In  the  web-building  group,  the  orb- 

sampling  methods.  The  space-web  spiders  (i.e.  Thcridion  sp.)  hide  in  a delicate  sheet 
web,  being  easily  dislodged  by  plant  shaking  or  detected  by  visual  examination,  but 
protected  from  suctioning  by  the  DVAC.  The  sheet  web  is  easily  noticeable  by  visual 
examination.  A strategy  for  sampling  spiders  would  be  to  use  the  most  precise  and 
affordable  sampling  method.  The  abundance  of  the  soil  surface-dwelling  spiders  was  not 
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determined  in  this  research.  Thus,  the  abundance  and  role  of  these  species  as  mortality 
factors  of  CLM  should  be  determined  in  lime  orchards. 

The  biological  and  predatory  behavior  studies  of  the  three  species  of  hunting 
spiders  (i.e.  C.  inclusion,  H.  velox  and  T.  volulus ) showed  their  potential  as  predators  of 
CLM  under  outdoor  conditions.  Nevertheless,  whether  spiders  are  effective  predators  of 
CLM  on  lime  orchards  cannot  be  answered  conclusively  yet.  More  studies  should  be 
conducted  in  other  geographical  areas  to  further  examine  the  efficiency  of  the  spider 
species  known  to  feed  on  CLM.  Future  investigations  should  determine  the  best  predator- 
prey  ratio  for  managing  the  population  of  CLM.  The  effect  of  the  spider  assemblage  and 
their  compatibility  with  other  natural  enemies  should  also  be  checked.  For  instance,  field 
experiments  combining  the  different  spider  species  and  the  other  natural  enemies  with 
known  association  on  CLM  (i,e.  green  lacewings,  ants,  and  parasitoids)  may  elucidate  the 
importance  of  each  biotic  mortality  factor. 

Predation  assessment  by  spiders  under  field  conditions  is  inherently  difficult  to 
study;  however,  the  existence  of  specific  predation  marks  produced  by  the  three  species  of 
sac  spiders  on  CLM  will  make  it  possible  to  quantify  their  predation.  One  drawback  in  this 
system  is  that  one  of  the  predation  marks  made  by  the  sac  spiders  on  CLM  larvae  is 
somewhat  similar  to  the  feeding  made  by  Pnigalio  minio,  an  ectoparasitoid  of  CLM, 
which  can  easily  be  confused  during  field  counts.  A way  to  overcome  this  predation 
assessment  problem  is  by  using  the  predator  gut  content  analysis.  The  preliminary  result 
of  the  gut  content  analysis  using  PAGE  showed  the  potential  of  this  method  in  studying 
the  predator-prey  relationship  in  the  field.  A difficulty,  which  may  arise,  is  the  number  of 
different  preys  consumed  by  the  spiders  as  they  are  known  to  be  generalist  predators.  It  is 

the  same  gel. 


I suspected  prey  species  with  the  predators  i 
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The  assessment  of  spiders  as  mortality  factors  of  the  eggs  and  adults  of  CLM  is 
not  covered  in  this  research.  Further  studies -should  test  the  possibility  that  the  three 
species  of  sac  spiders  could  also  attack  eggs  and  adults  of  CLM.  Previous  studies  on 
other  species  of  sac  spiders  (i.e  Aysha  gracilis,  Chiracanthium  mildei  and  Trachelas 
deceptus)  showed  that  they  feed  on  eggs  of  lepidopteran  pests  (Mansour  et  al.  1987, 
Carroll  1980).  There  is  also  a possibility  that  the  orb-weaving  spiders  can  attack  adults  of 
CLM  that  will  be  trapped  on  their  webs. 

Rearing  of  the  spiders  in  both  the  artificial  diets  and  natural  diets  allowed  us  to 
study  the  biology  of  the  most  important  spider  species  in  lime  orchards.  Moreover,  our 
success  in  rearing  tho  three  species  of  sac  spiders  from  egg  to  maturity  using  the  artificial 
combination  diet  may  open  the  possibilty  of  mass  rearing  the  most  important  species  of 
'spiders  for  possible  release  in  the  field.  Therefore,  it  is  worthwhile  to  further  examine  the 
efficiency  of  the  artificial  combination  diet  in  mass  rearing  of  spiders.  Different 
proportions  of  the  ingredients  of  the  artificial  combination  diet  must  be  tried  to  achieve 
better  survival  and  reproduction  of  the  spiders. 

In  general,  spiders  appear  to  possess  many  attributes  that  make  their  presence  in 
the  lime  orchards  desirable.  Being  a complex  of  many  diverse  species,  they  tend  to  fill 
many  predaceous  niches  in  the  orchards  or  prey  more  easily  than  a single  predator.  In 
particular,  the  three  species  of  sac  spiders  prey  almost  throughout  all  stages  of  their 
development  on  CLM  larvae  and  prepupae  and  they  are  relatively  long  lived.  Thus,  given 
their  abundance  and  predation  potential,  they  possibly  play  an  important  role  as  natural 
enemies  of  CLM  in  lime  orchards. 


APPENDIX  A 

KEY  TO  THE  PREDATORY  SPIDERS  IN  LIME  ORCHARDS 
IN  HOMESTEAD,  FLORIDA 

(see  Figures  A- 1 3 and  A- 1 4 for  the  generalized  external  morphology  of  spider) 

1 Tarsi  2-clawed  with  or  without  daw  tufts  2 

I’  Tarsi  3-clawed.  daw  tuft  absent  although  spurious  cJawa  piesent  14 

2 Eyes  ariar.ged  in  3 or  4 distinct  rows  (family  SAL  IK  IDE)  J 

2'  Eyes  arranged  m ? tows  g 

3 Eyes  in  4 distinct  rows,  spiders  translucent  green 

Lyuomanes  viridts  (Figure  A- 1 ) 
3'  Eyes  in  3 distinct  rows,  spiders  not  translucent  green  4 

4 Labium  as  long  as  or  longer  than  wide;  cephalothorax  widest  posteriorly; 

(PLE)  beyond  midlength  of  cephalothorax  with  a sleep  dedivity  just 

bcyondPLE Zygoballus  rusipes 

4'  Labium  and  cephalothorax  not  as  above. 5 

5 Carapace  with  side  strongly  curved;  PME  twice  as  far  from  PLE  as  ALE;  ocular  hair 

tufts  present;  male  chelicerae  iridescent;  most  carapace  covered  with  white  hairs; 
narrow  area  on  each  side  near  eyes  lack  white  hairs;  abdomen  dorsal  coloration 
varies  from  orange-brown  to  brownish  black;  relatively  large  spider,  female  13- 

19  mm  and  male  9 mm. Phidippus  regius  (Figure  A-2) 

5’  Carapace  not  strongly  curved  laterally ; PME  not  quite  so  near  to  ALE;  without 
tufts  of  hair  in  eye  region;  body  coloration  not  as  above.... 6 
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6  ;lridescent  or  metallic  scales  spread  all  over  the  body;  front  sternum  as  wide  as  base 


of  labium Mctaphidippus  vitis 

6'  Lacking  iridescent  or  mettalic  scales;  front  sternum  narrower  than  base  of  labium 


7 At  least  legs  II  and  IV  white  and  translucent;  patch  of  long  spatulate  hairs  on 

ventral  retromargin  of  patella  and  femur  I and  below  PME  (also  called  pencil 
hairs);  male  oftcnwith  elongate  chelicerae  projecting 

anteriorly. Henlzia  palmarum  (Figure  A-3  ) 

T Legs  II  and  IV  pigmented;  long  spatulate  hairs  absent  on  patella  and  femur  I and 
below  PME;  chelicerae  of  male  never  elongate. Metacyrba  sp. 

8 Ventral  abdominal  tracheal  spiracle  adjacent  to  spinnerets.. ..9 

8'  Tracheal'spiracle  nearer  middle  of  abdomen  or  epigastric  furrow  or  tracheal 

spiracle  located  considerably  anterior  to  the  spinnerets;  most  often  midway 
between  spinnerets  and  epigastric  furrow  (family  ANYPHAENIDAE) 10 

9 Legs  arranged  prograde;  first  pair  directed  forward;  some  spiders  with  abdominal 


9’  Legs  arrange  latengrade.  first  pair  directed  laterally,  abdominal  scuta  always 

lacking  (family  THOMISIDAE)  12 

10  Tracheal  spiracle  much  closer  to  epigastric  furrow  than  to  spinnerets 

Hibana  vrlox  (Figure  A-4 ) 

10’  Tracheal  spiracle  roughly  midway  between  epigastric  furrow  and  spinnerets 


Teudis  morda 
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Tibia  1 with  1 - 3 pairs  of  ventral  macrosetae;  body  commonly  pale  yellow  to  pale 
green  but  may  change  depending  on  the  prey  eaten;  all  legs  also  pale  yellow 

(family  CLUBIONIDAE) Chiracanlhium  inclusum  (Figure  A-5) 

Tibia  I lacking  ventral  macrosetae;  sternum  and  carapace  reddish  brown  covered 
with  tiny  punctures;  abdomen  light  gray;  all  legs  darker  (family  CORRINIIDAE) 
Trachelas  volutus  (Figure  A-6) 

Female  carapace  white  to  dull  yellow  with  median  X-shaped  marking;  male 
carapace  dull  to  bright  yellow  margins  with  narrow  red  scam 

Female  and  male  carapace  not  as  above  13 

Carapace  with  dark  longitudinal  bands  and  armed  with  the  usual  long  spines 

Carapace  without  dark  bands;  embolus  originating  at  the  distal  end  of  the 

bulb Misumenops  oblongus 

Each  tibia  and  metatarsus  of  legs  I and  U with  a row  of  long  spines  in  the 


MIMET1DAE) . Mimetus  sp. 

Legs  without  this  arrangement  of  spines 15 


Eyes  two  rows  (four,  four);  posterior  row  of  eyes  only  slightly  recurved  and 
appears  in  one  row;  one  row  of  trichobothria  on  each  tarsus;  male  pedipalp  with 
tibial  apophysis;  eggs  carried  by  the  female  on  ventral  surface  of  cephalothorax 
held  by  chelicerae  and  pedipalps  (family  PISAURIDAE) Dotomedes  sp. 
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15’  Eyes  in  three  rows  (four,  two,  two);  posterior  eye  row  strongly  recurved;  usually 

two  rows  oftrichobothria  on  tarsi;  male  pedipalp  without  tibial  apophysis;  eggs 
carried  by  the  female  behind  spinnerets;  young  carried  on  female's  dorsum; 


(family  LYCOSIDAE).._..- Pardasa  sp. 

16  Cololus  present  ,..., 22 

16'  Cololus  absent;  consisting  of  2 fine  setae  or  may  be  present  in  some 

genera  (family  THERIDIIDAE) 17 


17  Abdominal  venter  with  red  pale  orange  hourglass;  lateral  eyes  separated  by  their 
diameter  or  more;  cheliceral  margins  without  teeth;  internal  genitalia  with 

dumbbell  shaped  spemathecae;  palpus  with  coiled  embolus; 

lMrodectus  geometric  us 

17’  Abdominal  venter  lacking  hourglass ; lateral  eyes  contiguous  or  slightly  separated; 
cheliceral  margins  toothed;  genitalia  not  as  above 18 

18  Male  eye  or  dypeal  region  swollen  and  projecting;  or  grove  below  eyes;  female 

abdomen  higher  than  long  with  humps  extending  beyond  spinnerets  or  thread- 
shaped,  often  with  silver  spots;  third  tarsal  claw  often  longer  than  paired  claws;  no 
comb  setae  on  tarsi  IV,  but  serrated  bristles  on  prolateral  side  of  tarsus  IV;  some 
found  in  orb-web  of  other  spiders.... „ Argyrodes  nephilae 

18’  Male  eye  or  clypcal  region  neither  swollen  and  projecting  nor  with  groove  below 
eyes;  female  abdomen  oval  or  spherical,  never  silver  spots;  third  tarsal  claw 
smaller  than  paired  claws;  comb  setae  on  tarsi  IV 19 

19  Abdomen  not  longer  than  wide,  oval  to  spherical  or  wider  than  long;  without 

tubercle  or  point  above  and  posterior  to  spinnerets 20 
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19’  Abdomen  longer  than  wide,  high  wiih  tubercle  or  point  above  and  posterior  to 

spinnerets;  palpus  with  all  sclerites  present Chrysso  pulchra 

20  Female  abdomen  wider  than  long,  each  lateral  point  dark  and  with  prominent 
dorsal  white  spot,  carapace  with  wide  black  longitudinal  band;  palpus  simple 

with  twisted  embolus  on  distal  tip  of  bulb * Theridula  gonygaster 

20’  Abdomen,  if  wider  than  long,  marked  otherwise;  carapace  lacking  wide  black 

longitudinal  band;  if  male  has  simple  palpus,  embolus  is  straight,  not  twisted 


21  Males  with  sderotized  ring  around  abdomen  encircling  pedicel  and  covering 
epigastric  area;  abdomen  often  constricted  in  middle;  male  palpus  less  4 mm 

length;  females  with  small  eyes  and  projecting  dypeus 

. , . Coleosoma  floridanum 

21'  Male  eye  region  never  modified;  usually  more  than  1,5  mm  long;  rarely  orange  in 

Thmdion  sp.  (Figure  A-7) 

22  Stridulating  structures  usually  present  on  side  of  chehcerae  (family 


LLWPHIIDAF.)  Eplrlgone  bant* 

22’  Stridulating  structures  absent  23 


23  Median  apophyses  absent;  epigynum  flat  with  no  external  plate;  web  type  usually 

horizontal  or  oblique  orb  web  (family  TETRAGNATHIDAE) 24 

23’  Median  apophysis  present;  epigynum  3-dimensional;  many  species  with  scape; 
web  type  usually  a vertical  orb  (family  ARANEIDAE) 26 
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24  Abdomen  cylindrical  or  tapering  elongate,  2-3  times  as  long  as  wide  (measured  at 

mid  point! Lcucauge  venusta 

24'  Abdomen  globular  or  oval  less  than  twice  as  long  as  wide. 25 

25  Chelicera  enlarged,  pointed  5-9  teeth  on  margins;  endites  divergent,  truncate 

distally;  epigynum  absent  in  adult  female,  latter  lacking  distal  tufts  on  legs;  male 
embolus  and  conductor  directed  distally;  PE  equidistant;  orb-web  horizontal 
Tetragnatha  guatemahnensis 

25’  Chelicerae  normal,  3 teeth  on  margin;  endites  convergent,  obliquely  truncated 
mesally;  epigynum  present;  female  large  (19-34  mm);  distal  tufts  on  femora 
and  tibiae  I,  II,  and  IV;  male  smaller  (4.6  - 10.5  mm);  embolus  and  conductor 
directed  at  right  angles  to  long  axis  of  the  palpus;  PME  closer  to  each  other  than 
to  PLE;  orb*web  vertical Nephita  chvipes  (Figure  A-8) 

26  Spinnerets  without  sclerotized  ring;  abdomen  not  heavily  sclerotized;  with  or 

without  spina 27 

26'  Spinnerets  surrounded  by  sclerotized  ring;  abdomen  heavily  sclerotized;  always 
with  spines  ( iaslrrarantha  cancri/ormis  (Figure  A-9) 

27  Scape  smooth,  never  turn  off  28 

27'  Scape  wrinkled,  sometimes  tom  off  29 

28  Abdomen  with  4 black  longitudinal  lines;  median  pair  over  heart,  joining 
posteriorly;  outer  lines  enclose  dark  brown  area  bounded  laterally  by 

white Acacecia  hamata  (Figure  A-10 ) 

28’  Abdomen  marked  otherwise;  scape  long  and  slender,  tip  closer  to  spinnerets  than 
to  the  base  of  epigynum Eriophora  ravilla  (Figure  A-ll ) 
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29  Abdominal  venter  with  2 pairs  of  white  spots  (rarely  lines  or  brackets)  separated 
by  median  black  areae;  base  of  epigynum  barely  wider  than  scape  (at  most,  twice 

width)  and  less  sclerotiaed;  scape  spatula-shaped  

.Neoscona  arabesca  (Figure  A-12) 

29’  Abdominal  venter  of  abdomen  marked  otherwise;  base  more  sclerotizcd  than 

scape  and  at  least  three  times  its  width Arancus  sp. 
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Figure  A-2.  Phidippus  regius. 


138 


Figure  A-3.  Hentzia  palmarum. 


Figure  A-4.  Hihana  relax. 
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Figure  A-S.  Chiracanthium  inclusion. 


Figure  A-6.  Trachelas  volulus. 


I 


Figure  A-8.  Nephila  clavlpes. 


{ 


Figure  A-9.  Gasteracantha  cancriformis. 


Figure  A-10. 


Figure  A-ll.  Eriophora ravilla. 


Figure  A-12.  Neoscona  arabesca. 
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Figure  A-H  Ug  componeou  («),  mouthp.ru  (b),  cjt  n»iphology  »nd  punren  thowing 
c»gl4  t>T»c  (e),  ud  six  type  (d).  I modified  Bom  Bamon  & Liuingtr  1995) 


APPENDIX  B 

SURVIVAL  OF  HUNTING  SPIDER,  HIBANA  VELOX 
(ARANE AE:  AN YPHAENIDAE).  RAISED  ON  DIFFERENT  ARTIFICIAL  DIETS 
(Accepted  for  publication  in  the  Journal  of  Arachnology,  November  28,  1998) 

Spiders  occupy  an  important  part  of  the  overall  predatory  arthropod  fauna  in 
different  terrestrial  ecosystems  (Reichert  1974;  Reichert  & Lockley  1984).  They  are  also 
known  to  play  an  important  role  in  the  regulation  of  pest  species  in  agriculture  (Whitcomb 
et  al.  1963,  Dondale  ct  al.  1979,  Dean  et  al.  1982,  Mansour  et  al.  1982,  Culin  & Yeatgan 
1983,  Mansour  et  al.  1983,  Orazc  & Grigarick  1989,  Reichert  & Bishop  1990,  Barrion  & 
Litsinger  1995).  Baseline  information  on  life  history  and  biology  are  fundamental  for 
ecological  work  and  arc  also  important  to  further  investigate  the  potential  of  spiders  as 
biological  control  agents;  however,  life  history  studies  have  been  done  on  very  few 
species  of  spiders.  One  reason  is  the  lack  of  reliable  rearing  methods  to  determine  life 
histories  and  other  biological  data  directly  from  laboratory  cultures.  Another  reason  is  the 
lack  of  appropriate  artificial  diets,  and  behavioral  cues  from  the  prey  to  initiate  attack  and 
feeding  (Reichert  & Luczak  1982).  Moreover,  it  appears  that  most  spiders  feed  on  a 
variety  of  insect  prey  species  to  obtain  the  optimum  nutrition  for  survival  and  reproduction 
(Greenstone  1979;  Uetz  et  al.  1992).  The  need  to  rear  different  insect  species  as  prey 
makes  it  especially  difficult  to  culture  spiders  in  the  laboratory.  Formulation  of  artificial 
diets  would  greatly  facilitate  laboratory  rearing  of  spiders;  however,  knowledge  on  the 
complete  nutritional  requirements  for  spider  is  necessary.  Recently,  it  was  reported  that 
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some  species  of  wandering  spiders  are  facultative  nectar  feeders  (Taylor  & Foster  1 996). 
This  could  explain  the  success  of  some  previous  works  ( Peck  & Whitcomb  1968; 
Whitcomb  1967)  on  rearing  spiders  using  artificial  diets.  This  finding  of  nectivorous 

spiders.  For  this  study,  the  hunting  spider  (Anyphaenidae),  Hibana  ("Aysha)  velax 
(Becker  1879  ),  was  selected  because  it  was  found  to  be  the  dominant  species  in  lime 
( Citrus  mirantifolui  [Christm.]  Swinglel914)  groves  in  south  Dade  County,  Florida. 
Also,  its  spiderlings  were  observed  to  feed  on  the  larvae  of  citrus  leafininer,  Phyllocnistis 
cilrella  Stainton  1856.  Voucher  specimens  of  H.  velax  and  P.  cilrellajae  deposited  at  the 
Division  of  Plant  Industry  (DPI),  Gainesville,  Florida. 

To  test  the  effects  of  the  different  artificial  diets  on  the  survival  of  H.  velox,  egg 
sacs  were  collected  in  the  field  and  brought  into  the  laboratory  and  kept  until  the  eggs 
hatched.  The  resulting  offsprings  were  used  for  the  experiment.  Each  spidcrling  was 

modifications  to  prevent  cannibalism.  Instead  of  glass  tubing  with  both  ends  open, 
common  laboratory  glass  vials  ( 15  mm  diam.  x 60  mm  long)  were  utilized.  The  open  end 
was  plugged  with  cotton  through  which  a stemmed  cotton  swab  had  been  inserted.  The 
cotton  swab  inside  the  glass  vial  was  saturated  with  the  artificial  diet  by  dipping,  Three 

sugar,  Publix  Supermarket  Inc.,  Lakeland,  FL);  milk  + yolk  mixture  (I  fresh  chicken  egg 
yolkrl  cup  homogenized  milk),  and  soybean  (non-dairy  beverage);  water  served  as  the 

(Table  1).  Twenty  spiderlings  were  included  for  each  artificial  diet.  Two  replications  in 
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time  were  prepared  and  kept  at  2TC  in  different  rearing  chambers,  one  at  45%  RH  and 
the  other  at  80%  RH.  The  two  conditions  of  RH  were  chosen  based  on  previous  work 
by  Peck  & Whitcomb  (1968)  and  Taylor  & Foster  (1996). 

At  45%  RH,  all  the  spiders  on  all  of  the  diets  died  in  £ 30  days  after  the  start  of  the 
experiment  (Table  1).  On  the  contrary.  Peck  and  Whitcomb  (1968)  reported  best  survival 
[42  days  for  Chiracanthium  inclusum  (Hcntz  1847)  and  90  days  for  Gladicosa  (reported 
as  Lycosa ) gulosa  (Walckcnaer,  1837]  when  the  spiders  were  kept  at  45%  RH.  There 
was  no  significant  difference  for  the  age  at  death  of  H.  velox  on  different  diets.  The  mean 
age  at  death  of  the  spiders  kept  at  45%  RH  was  13  days  (range,  7-18)  on  soybean  diet;  10 
days  (range,  8-1 1)  on  milk  + yolk  diet;  12  days  (range,  7-16)  on  30%  sucrose  solution; 
and  1 1 days  (range,  7-14)  on  water.  Spiders  kept  at  80%  RH  survived  longer,  especially 
spiders  on  soybean  and  milk  plus  yolk  diets.  After  30  days,  the  percent  survival  of  spiders 
on  soybean  diet  (82.5%)  was  significantly  higher  (P<  0.05)  than  on  milk  + yolk  diet 
(46%).  Spiders  raised  on  30%  sucrose  solution  and  water  did  not  survive  for  the  duration 
of  the  experiment.  The  mean  age  at  death  of  spiders  on  sucrose  solution  was  14  days 
(range,  5-21);  whereas,  for  spiders  on  water,  it  was  II  days  (range,  8-12).  On  both 
soybean  and  milk  + yolk  diets,  the  first  mortality  occurred  at  6 days  from  the  start  of  the 
experiment.  A drastic  increase  in  mortality  was  observed  on  milk  + yolk  diet  from  day  6 
to  day  16  from  the  start  of  the  experiment;  the  survival  endpoint  was  reached  at  day  17 
(Fig.  1).  Mortality  was  less  on  soybean  diet;  the  survival  endpoint  was  at  day  12  (Fig.  2). 
The  single  mortality  at  day  21  was  due  to  fungal  contamination. 

Although  the  percent  survival  on  soybean  diet  was  significantly  higher  (P  < 0.05) 
than  on  milk+yolk  diet,  the  development  of  spiders  seemed  to  be  delayed.  This 
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observation  was  based  on  percent  molting,  time  of  molting,  and  carapace  width  of  the 
spiders.  Spiders  raised  on  milk  + yolk  diet  underwent  two  molts  30  days  from  the  start  of 
, the  experiment  (Fig.  I).  The  earliest  molt  was  6 days  from  the  start  of  the  experiment; 
the  mean  age  at  first  molt  was  17  days  (range,  6-30).  The  mean  age  at  second  molt  was 
25  days  (range,  20-30).  On  soybean  diet,  the  moiling  of  the  spiders  was  late  compared  to 
the  spiders  on  milk  + yolk  diet.  The  first  molt  was  at  24  days  and  only  40  % of  the 
surviving  spiders  molted  30  days  from  the  start  of  the  experiment  (Fig.  1).  The  average 
carapace  width  of  spiders  raised  on  milk  plus  yolk  diet  was  0.70  mm  (range,  0.50-0.85); 
whereas,  spiders  on  soybean  diet  had  an  average  carapace  width  of  0.50  mm  (range,  0.35- 
0.58).  In  general,  tho  carapace  width  of  spiders  on  milk+yolk  diet  was  more  than  1/4 
greater  than  that  of  spiders  on  soybean  diet.  These  findings  suggest  the  importance  of 
supplying  more  complete  nutritional  requirements  when  rearing  spiders  using  artificial 
diets.  The  soybean  diet  is  devoid  of  cholesterol  (Table  I)  which  is  the  common  source  of 

(Foclix  1982).  This  may  explain  the  delayed  development  of  spiders  on  soybean  diet. 
The  milk  + yolk  diet  has  a high  level  of  cholesterol,  such  that  spider  development  seems 
to  progress  normally.  Nevertheless,  the  high  level  of  carbohydrates  in  the  soybean  diet 
(Table  1)  suggests  that  carbohydrate  could  be  an  important  component  of  the  artificial  diet 
for  spiders.  Carbohydrates  are  the  major  energy  source  important  for  survival  or  longevity 
of  any  arthropod  species  (Singh  1984).  In  this  experiment,  we  observed  that  the  percent 
survival  of  spiders  on  soybean  diet  was  almost  twice  that  on  milk  + yolk  diet. 

two  weeks  of  rearing  the  spiders  may  be  avoided  if  enough  carbohydrate  is  available  at 
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that  stage  of  development.  From  the  result  of  this  experiment,  we  can  hypothesize  that  a 

combining  soybean  and  milk  + yolk  diet  on  spider  survival  and  development  is  underway. 
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Table  1.  Nutritional  composition  of  milk  + yolk  and  soybean  diets  based  on  the 
manufacturer's  nutritional  analysis  per  100  ml  of  media. 


Nutrient  Composition  Milk  plus  Yolk’  Soybean1 

(non  diary  beverage) 


Total  fat 
Saturated  fat 


Sodium 

Total  carbohydrates 

Sugars 

Protein 

Thiamin  (Bl) 

Riboflavin  (B2) 

Niacin  (B3) 

Pantothenic  Acid  (B5) 
Pyridoxinc  Hydrochloride  (B6) 
Folate  (B9) 

Vitamin  C 
Vitamin  D 
Biotin  (Vitamin  H) 

Iron 

Phosphorous 

Magnesium 


0.52  mg 
43.48  IU 


1.30  g 


10.87  g 

2.61  g 

126.09  mg 
0.0  IU 
0.05  mg 
0.03  mg 
0.52  mg 
0.35  mg 
0.05  mg 
0.02  mg 
0.0  mg 
0.0  IU 
0.003  g 
0.03  g 
0.31  mg 
0.04  g 
17.4  mg 
0.26  mg 


’ Composition  from  product  labels  on  milk  and  eggs.  Publix  Super  Market  Inc., 
Lakeland,  FL  33802 

" Composition  from  product  label;  Edensoy  ® Eden  Foods,  Inc.  Clinton,  Michigan 
49236.) 
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Figure  1 . Percent  survival  and  molting  of  Hibana.  vclox  using  milk  plus  yolk  diet  as 
artificial  diet. 


nt  survival  and  molting  of  Hibana.  velox  using  soybean  as  artificial  diet. 


Figure  2.  Pe 


APPENDIX  C 

PREPARATION  OF  BANANA  MEDIUM  FOR  MASS  REARING  OF 
DROSOPHILA  MELANOGASTER  (BASED  ON  YOON,  1985) 


Composition  (to  make  1000  ml  i 

Banana  (without  skins) 

Yeast  (dry  Brewer’s) 

Gelrose  Agar 

Corn  syrup  (“Karo”) 

Malt  (powdered) 

Vinegar  (distilled) 

Ethanol  (95%) 


300.0  g 
22.4  g 

12.0  g 

1000  ml 
26.6  ml 

0.0002  g 


• Blend  the  agar,  yeast,  and  chopped  banana  with  % of  the  water  to  make  a pourable 

• Pour  banana  mixture  into  cooking  vessel  (i.e.  Erlenmeyer  flask);  add  remainder  of  the 

• Cook  in  the  microwave  for  5 minutes,  then  add  Karo  syrup,  malt,  and  the  rest  of  the 
chemicals,  stir  to  mix  the  medium. 

• Dispense  the  medium  into  sterilized  glass  vials  using  sterilized  beaker. 


All  equipment,  tools,  cotton  balls,  filter  paper  must  be  sterilized  at  1.1  kg  cmJ  at 
120^  for  20  min.  Mixing  and  dispensing  of  the  medium  must  be  done  under  a fiimc 
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